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This work is intended chiefly for the use of 
Students of Medicine during their attendance upon 
lectures ; it is believed that it will also be found of 
service to the practitioner. 

The volume may be regarded as a full set of notes 
of the author's course of lectures in the Jefferson 
Medical College. 

The immense extent of tie subjects eoni prised 
under the general bead of Chemistry and Physics, 
together with the limited time which the student is 
able to devote to them, rendered a careful selection 
of topics necessary. In doing this, it has been the 
author's aim to discuss thoroughly general principles 
and their application to medicine, leiiving more mi- 
nute details to be gathered at leisure from the larger 
text-books. The consideration of purely theoretical 
points, of disputed facts, or of applications ol' chemis- 
try not directly connected with medicine, has been, as 
a general rule, omitted. Chemical affinity, symbols, 
and nomenclature have been particularly dwelt upon, 
as they constitute the points of most difficulty to the 
beginner, whiJe, if they are not clearly nnderstood, 
no satisfactory progress can be expected. Convinced 
(iii) 
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IV PREFACE. 

that familiarity with the use of chemical symbols 
is of the utmost importance, and that it is readily 
acquired, the author has employed them profusely, 
preferring in many cases to write the symbol of an 
element or compound in preference to its name. The 
older notation, nomenclature, and equivalents have 
been retained as best adapted for elementary instruc- 
tion. 

Believing in the necessity of a rigid adherence to 
the TJ. S. Pharmacopoeia, not only as regards the for- 
mulae, but also the titles of preparations, the officinal 
names have been always used ; as often as possible 
the Latin title has been given, and the formulae writ- 
ten in prescription style as a useful exercise for the 
student. 

It would have been an easier task to have pro- 
duced a larger volume ; much time and thought have 
been expended in the selection and condensation of 
subjects, and it is hoped that the labour thus be- 
stowed will be found to lessen that of the overworked 
student. 

As all the apparatus described is exhibited in oper- 
ation during the course of lectures, it has not been 
thought necessary to use many illustrative cuts. 

1615 Summer Street^ Philadelphia. 
3d August, 1866. 
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1 parentheaea refer to the paragrapn 



The numbers i 
be consulted. 

When the Latin title of a preparation is given, the 
officinal XJ. S. P. componnd is always referred to. 

The following are the principal signs and abbreviations 
need in prescriptions, and also employed in many of the 
pharmaceutical foroiulffi in this work. 

&, Hecipe — Take; 3i troyounce; fg, fluidounce; fj, 
fluidrachni; %, minim; gtt, gutta, guttm, drop or drops; 
gr, granum, grana, gi'ain or grains ; 0, octarivM, a pint ; 
M, misce, mis ; fl, fiat, let there be made ; chart., chartula 
or chartulae, a packet or packets ; 5£, of each ; t. d., ter 
die, thrice daily; q. s., quantum suffi.cia.1, as much aa is 
sufficient. The Roman numerals, ss one-half, j one, v 
fi^B, X ton, 1 fifty, e one hundred, are usually employed 
in prescriptioas, being plaeed after the sign. The scmpje 
3, dracbm 3, pound lb, and gallon, Cong., are not used in 
the U. S. Pharmacopceia. 

A table of weights and measures, American, English, 
and French ; general rules in regard to incompatibles and 
Antidotes ; a series of reactions for practice ; a list of the 
more important minerals, and a glossary of terms and 
Bj'nonyms, will te found in the Appcndi.x. 
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INTEODUCTION. 

1. Chemistiy inveHtigatos the reaction of the particles 
of mailer. Reaction is mutual or reciprocal motion, and is 
due Xq force. Action and reaction are equal and opposite. 

n languiLgB ve frequently overlook tbe reaction, and 
iiion alone. TLua, riuegar spilled on a pulUhed mar- 
ble table ia said to corrode or damage tt, but tbe vinegar is at 
the same time noutraliaed and spoiled for nfie. 

2. Particles are the exceedingly minute portions of mat- 
ter which go to make up a masa. They may be atoms 
(Qr. o, not, and temno, T cut), which are the ultimate por- 
tions of an elementary body; or molecules (Lat. violecula, 
a particle), the ultimate portions of a compound body. 
Molecules are composed of two or more atoms. 

3. Hatter is anything that can be grasped in the hand. 
It may be elementary or compound. All substances known 
to us are composed of sixty-four bodies, which, having not 
as yet been decomposed, are termed elements. Like the 
letters of the alphabet, which, variously combined, give ua 
thousands of words, these elements, in various forms and 
grades of combination, make np the apparently infinite 
variety of forms of matter 

4. Matter is IndestmctiMe, — What we term destruction 
is merely a new combination of elements. Solid bodies 
sometimes become gaseous when burned, and thus, being 
invisible, are supposed to be destroyed. Experiment shows 

(16) 
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this not to be true. When a piece of gun-cotton is burned 
in a counterpoised exhausted globe, it disappears, but tba 
weight or the globe and its now gaseous contenla, ia 
unchanged. 

Wood, when burned, gives off curbenic acid and water, -wbioh 

EMB into tbe Btmuepbere ; the water fnlls to tbe earth, and may 
e absorbed bv Boue growing regetable, to assist ia fonninf; 
n^in wood. The carbouic lu-id consists of tbe elements carbon 
and oxygen. When absorbed by plants, it is, under certai 
cuniBtaoL'pa, decompoBod. the oxygen c'Ten out and the a 
ftsaimilaled going to form new wiod. Hence it would be poi 
to burn the same combuBtiblo twice or more, 

5. Matter is incapable of Spontaneous Change. - 

change is due to force. This property is called inertia. 
The inertia of a body depends upon the number of its 
particles or its mass. Time is required to communicate 
motion to all these particles, or to abstract it from themjj 
hence all change in matter is gradual. 

G. Weight ia due to the action of gravitation upon a J 
body, and depends also on the mass. The same mass baa 
not always the same weight, as the force of gravitation 
varies in different localities. Practically, however, the 
terms may be used as synonymous. ~ 

7. Force is anything capable of causing change in mattarl 
Of its nature we are utterly ignorant. Although manf-^ 
festing itself in the various phenomena of gravitation, 
light, beat, electricity, magnetism, cohesion, adhesion, 
chemical aERuity, and vital force, there can be little donbt 
that it is in all these essentially the same agent. 

8. Force acts to produce cither attraction or repulsion, i 
The particles of matter are not in actual contact ; the spacotl 
between them are called physical pores, and although ex- 
ceedingly minute, are believed to be much greater in pro- 
portion than the particles themselves. 

Newton calculated that if there were no pores, ihe earth and 
itn inhabitants coidd be comprised within the space of a cubic 
inch. What are u'unlly known an pnre", as in the sponge, 
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pumice>stone, etc., are not true physical pores, but rather canals 
or tubes traversing the body ; they are distinguished as sensible 
pores. 

The force of attraction tends to bring together the par- 
ticles of matter, and, were there no antagonistic agencies, 
would do so ; the force of repulsion tends to separate these 
particles. The phenomena of expansion, of contraction, 
and of change of state are all due to the preponderance 
of one or the other of these agencies. The great agent of 
repulsion is heat. We have also electrical and magnetic 
repulsions. This part of the subject will be more fully 
considered hereafter. 
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PART I. 

PHYSICS 



GRAVITATION. 

9. Is but little connected with Chemistry. The law of 
gravitation is that every particle of matter attracts every 
other particle in the direct ratio of its mass, and the inverse 
ratio of the square of the distance. 

10. Terrestrial Gravitation — Is the action of the 
mass of the earth upon bodies on or near its surface. It 
may be considered as proceeding from its centre (nearly). 
It is greater at the poles than at the equator, and is less 
when a bodv is carried above or below the surface of the 
earth. 

Thus, a mass of iron weighing 1000 lbs. at the equator, would 
weigh 1005 at the poles ; 50^ lbs. at 2000 miles below the suiface 
of the earth, or at 1650 miles above it.* 

The action of bodies on the earth's surface is reciprocal, and 
the earth rises to meet a falling body, but the mass of the former 
is so immense compared with any body which has ever been 
known to fall through our atmosphere, that the effect is imper- 
ceptible. 

11. Specific Gravity. — By the term density we mean 
the relation of the mass of a body to its volume, or the 
number of particles in a given space. By specific gravity 
we mean the relative weights of equal volumes of different 
bodies, assumed to be at the same temperature and press- 
ure. The term density is often used to express specific 
gravity. 

* SiLLiMAN, Pihicipfet of Phynictf 2d ed., p. 67. 

(18) 



A quart of oijgim, nt ordinarj preesuie and tctopurature, if 
forcea into the space of a pint, -Kwuld have its denK% doubled. 
The specific gravUy of osjgea — compared with air aa unity — iB, 
when taken at a fixed temperature and preeeure, 1-106 ; that U. 
that if a certaio bulk of nir weigh 1000 graiua, an equal bulk of 
niygen will weigh 1106 graiuB. 

In order to compare the weights of equal volumes of 
different bodies, arbitrary Btandarda are assamed. For 
fiolids and liquids, water at 60° F, ia chosen aa unity; and 
for gases, air at ordinary atmospheric pressure (30 in. 
barometer), and S0° F. is assumed as 1000. 

Solids and liquids do not pereeptibly alter in bulk by ordinary 
changa of atmoapherio pressure. All matter varies in bulk by 
change of temperature, hence the necessity of carefully bringing 
the bodies tu a fixed degree by trial or calculation. 

12. The specific gravity of & solid is determined oa the 
priacipJe that a body immersed in a liquid, displaces a 
volume equal to its own. Hence by a known hydrostatic 
law the immersed body loses weight equal to that of an 
equal bulk of the liquid. In practice, a solid is first weighed 
in air, and then in water, and the loss noted. The weight 
in air divided by the loss of weight in water gives the spe- 
cific gravity. Or the solid may be put into a vessel with 
a spout and brimful of water. The quantity which runs 
out is weighed, and the weight of the body divided by it. 

Thus, a piece of iron weighed in air 460 grains, in water 406-16 
grains, 460 -406- 16=58-84 grains ; the loss in water, 460H-58-84 
=7-8, equal the S.G. of the iron. 

13. When the solid is soluble In water, its specific grav- 
ity ia taken in reference to some other liquid. The quan- 
tity thus obtained, multiplied by the S.G. of the liquid, 
gives the S. G. of the solid. 

Tbofl, a piece of sugar weighed in air 400 grains, it lost in oil 
of turpentine 217-5 grains. 400-^217-5 = l-84. The S.G. of the 
turpentine is -87, 1-84 X -87 ~ 1-6, equal the S. Q. of the sugar. 

1 4. When the solid is l^hter than water, it is weighed 
and attached to a body (the wpipht of which in air and 
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water is koown) sufficient to eiDk it. Tliis compound 
mass or systevi is weighed in air, and its loss in water de> 
tormined. The loss of the heavy body being known, that 
of the light body is easily determined by subtraction, and 
tho S.G. obtained as before. 



alone, 200-7-397=-504, the 8 

15. When the solid la In powder, it is introduced into a 
counterpoised bottle full of water, the weight of the water 
being known (specific gravity bottle [IG]). Were no water 
displaced, the weight of the bottle would be increased by 
that of the powder, but as a bulk of water equal to that 
of tho powder overflows, the new weight is less than the 
sum by the weight of tbat water; which qunntity, divided 
into the weight of the powder, gives the S. 0. 

Thus, the bottle holds 1000 ^ins of water ; 150 grains of sand 
being introduced, tbe total weiglit, ineteod of being 1150 gruna, 
w but 1096 grains; beiicB54gntiDSof wutcrhiiVQ been displdued, 
150-f- 54 = 2-764. S.O. of the sand. 

16. The Specific gravity of a liquid may be ascertained 
by the bottle, the hydrometer, or by displacement. The 
specific gravity bottle is made to hold 100 or 1000 grains 
of distilled water, and is furnished with a counterpoise. 
The weight in grains of the liquid introduced into the 
counterpoised bottle gives its S, G. A common light flask 
may be used by noting its weight when empty, when filled 
with water to a mark made on the neck by a file, and when 
filled to the same poiot with the liquid to be tfisted. The 
weight of the latter, divided by that of the water, gives 
its S.G. 

n. Hydrometers have a graduated st^m, counterpoised 
below so as to make it float upright. As the instrument 
fiinks deeper in a liquid lighter than water, and less in a 
licavitT liquid, il luiiy lie jrraduatcd to indicate S. G. 



Usoallj several hydromi 



e employed fur liquida lighter 



d the 



:e of a long 



heHvier ( 
(item, and to have the diyisions of the scaie larger. The gradue 
tion may be arbitrary, as in BeaumS'a ; may judicata peruentase 
by weight or volume in a mixture, as in Tralles' or Ricbter's, for 
RpTrita ; may test for cocaparative purity, as in the lactometers ; or 
may he graduated to the true specific grayity, as in urinometerB. 
The inBtrutnents forspeoifio graTitymade by Dr. Wilson H. Pile, 
of Philadelphia, leave nothing to he desired in point of aonven- 
icoce aud accuracy. Those niCh Beaum^'s acale have also the 
corresponding S. G. marked upop them. In uaiog a hydrometer, 
it should never be dropped into a liquid, an the weight of that 
adhering when it rises above the surface will render its indica- 

18, By Displacement. — Weigh a solid in air, in water, 
and in the liquid to be tested; note the loss in each case. 
The loss being the weight of an equal bulk of the two 
liquids, by diriding the lose in the latter by that in the 
water, we get the S. G. 

Thus, a glacs rod loses in water 171 grains, in aloohol 143 
Krains, 143^ 171 = -836 = S. 0. of the alcohol. 

19, The Specific Gravity of Gases is determined by ad- 
mitting tbe gas into an exhausted counterpoised globe, 
capable of containing a known weight of air, and compar- 
ing the two. 



LIGHT. 

The subject of light is but little connected with ele- 
mentary chemistry. A knowledge of its most important 
laws, however, is indispensable to a correct understanding 
of the physiology of vision, and an intelligent use of the 
arious optical instruments used by the physician. 

20. Sources ani Velocity of liglit — The sources of 
light are the sun, fixed stars, incandescence, phosphores- 
cence, and electricity. The Telocity of light varies with 
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the medium, being leaa as that is more deuse. Jn air it ii 
estimated at 190,000 miles per second. — (Fol'cault.) 

21. Nature of Liglit - Theories. — 1. The eorpnscalar 
supposes that luminous corpuscles are thrown off from 
luminous bodies, each particle producing ia its flight in 
the Burrounding ether undulations similar to those pro. 
duccd by a stone falling into water. 2. The nndolatoiy 
theory supposes light to consist of vibrations of an i 
real medium of extreme tenuity, without the onward pro- i 
gress of any substance whatever. The latter theory is 
DOW generally accepted, but the language of the former is 
still relaiiiud in explaining the simpler phenomena of the i 
reflection and refraction of light. 

22. DeflnltiOllS. — A ray is a single (imaginary) line 
of light. A beam is a collection of parallel rays, as from 
the sun. A pencil is a collection of divergent or conver- , 
gent rays, as the light from a candle, or the sun's raya 
brought to a focus by a burning-glass. LunUBOllS bodies 
are those from which light proceeds. Transparent or dia- 
phanoOB permit light to pass through them, so that bodies 
on .the other side are visible. Traaslneent bodies permit 

a portion of light to pass in an irregular manner, so that 
bodies on tho other side are indistinctly seen; such a 
porcelain, oiled paper, and horn. Opaque bodies cut t 
the rays of light ; when in very thin leaves, they may be- 
come translucent. Tho intensity "^ light is inversely a 
the square of the distance. Thus, if two lights, one at 
distance twice as great as the other, cast equal shadows, 
then the more distant light is four times as intense as the 
other. Instruments for measuring the relative intensity 
of light from different sources are called p7io(ome(er3. 
Properties of Ligtt— A ray of light falling upon a t 
may be reflected, IrannmiUed, or dhsorbed. 

23. 1. Reflection.— When a surface reflects regularly, it 
becomes invisible, and an image of an object placed in 




front of it ia seen ; if it refiectB irregularly, the surface is 
visible, and the image is more or leas lost. Tlias, a, bright 
looking-glass reflects regularly ; covered with dust or 
grease, irregularly. We see bodies then only by this in-eg- 
niar reflection. 

(a) When a ray of light falls upon a plane surface, 
such aa an ordinary mirror, it ia reflected at an angle 
equal to that at which it fell. The law, as ordinarily ex- 
pressed, is that "the angles of incidence and of reflection 

are equal, and are in the same Fig- !■ 

plane with the normal. 

Thus, in the figure, I A and R 
form equal angles with N A, the ni 
mal or perpendicular ; they ace moi 
over all in the same plane. 

(b) Curved surfaces are considered as being made op of 
an infinite number of plane surfaces, and the effects of such 
are easily deduced from simple geometric laws. The fol- 
lowing are some of the general facts; — Concave mirrors 
cause rays of light falling upon them to converge (approach 
each other) ; convex mirrors render these rays divergent ; 
parallel rays falling upon a concave mirror are brought to 
a point midway between the centre of curvature and the 
surface, called the principal focus; conversely a luminous 
body, at the principal focus has its pencil converted into a 
beam. The image seen in a concave mirror is erect and 
larger than the object when the latter is near the mirror 
(nearer than the principal focus); when more distant, it ia 
inverted and smaller. The image seen in a convex mirror 
is always erect and smalier than the object. 

Tbcflo remarks are true only vithiii certaiu limits. The subject: 
of the aberrBtion of spherical mirrors, the effect of oyliadneal 
and other forms, need not be discussed in no elementary work, 

24. AppUcations. — The speculum is a tube with a 
polished interior surface, intended for the exploration of 
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the natural canals, as the nostril, the meaius auddorius, 
the vagiiia, and the rectum; the tube distends or keeps 
open the natural canal, while the polished interior reflects 
light within. Plane mirrors are used for obtaining imageB 
of parts out of the direct view, as in the laryngoscope and 
endoscope, by means of w^hich the condition of the laryns 
or urethra may be thoroughly studied and applications 
made directly to it. Concave mirrors are used to concen- 
trat« light, as in the ophthalmoscope, where the light is 
thrown through the pupil; or in the use of the laryngo- 
aeopo, where light is thrown into the fauces by means of a 
concave mirror fastened to the forehead of the operator, or 
placed in some other convenient position, while the organ 
itself is reflected in a plane mirror. 

25. TranBiniaaiOlL — Light falling upon a transparent 
medium passes through it; practically, a portion is re- 
Hotted, and this amount increases with the angle of inci- 
dence. When it falls perpendicularly, the ray passes 
through without change ; when obliquely, it is refracted or 
bent. In passing from a rarer to a denser medium, the 
refraction is towards the normal, and vice versa. The 
relation between the angles formed by the incident and 
refracted ray with the normal, which expresses the refract- 
ing power of the body, is termed the index of refraction. 
v:„ ThuainFiff.Swehaye, ABU 

the angle of incidence, X Y iho 
Burface of the medium (water 
for instance), B G the rcfraotod 
raj, D fi E the normal ; D y ii 
thesma {or meiiflure)of theaDj|;Ie 
of incidence, and Oy' of the angle 
ofrefractioD.GBE. ^ = index 
of refraction, which, for n 
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ohjept in the directioi 

objeotB viewed obliquely i 

■ 1 their true poBition. 

surface, as m an oa 



1-33. Hence, as 
in which the my 
1 water (or other 
In denser media 
in water. This 





ran be undsrstood bj the ac- 
companying figure. The ray 
proceeding from the coin C, et 
the bottom of a dish of water, 
passing into the rarer mediiun, 
ikir is refracted from the Dormal 
and takes the direction A D ; 
the eye al D traces the ray back 
in the direction of thedotted line, 
and sees the coin at E nearer 
the surface. 

2fi. Prisma, Lenses. — When a ray of light passes through 
a trian^Iar prism, it is re- 
fracted toward the normal 
on entering, and from the 
normal on leaving. 

Thus in Fig. 4 the incident 
ray I R is refracted in the di- 
rection R G on entering the 
prism, and E F on leaving it. 
The effect of two prisms base 
Fig. 5. 





Lenses are of various forms, the mo.'^t important of which 
arc the doubly convex and doubly concave. 

The action of lenses is easily understood by considering 
them as made up of prisms arranged as in Fig. 5. 

Rays of light, falling upon a coutcx lens, will be eon- 
vei^ed. Parallel rays, falling upon a doubly convex lens, 
are brought to a point oaUod the principal foeus, which 
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coincides with the centre of curvature; Fig. 6, A con- 
cave lens cauBca parallel rays to diverge; Fig. T, 
Fig. 8. 




Ilmagps formed by Lenses. Each point of the object may 
be cousiilei'od aa giving oil a pencil of rays, which are re- 
fracted to a focus ; the assemblage of these foci gives the 
image of the body 
When the object is beyond the principal focne of a 
conves lens, the imago will be on the other side jval and 
inverted; Fig. 8. Its size will depend upon the relative 
dis 
neti 




distancea of the object, the lone, and the soi 
nearer the object to the lens, and the more c 
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screen, the larger the image. When the object is nearer 
the lens than the principal focus, the image will be Dirlual 
(that is, it cannot be thrown upon a screen) on the same 
side as the object, and larger; the lens then constitutes a 
magnify in g-glasa. The image formed by a concare lena 
is virtual and smaller than the object. 



Thus, in Fig. 9 the raya 
Bmall arrow, a b, axcf 
refracted in pasaiag 
tEirough the doubly < 
TGI lens, tho eye tri 
them backwards, : 
tha imago formed 



f light ftom the 



points of the 



the r 



9 the 




a that of the object in- 
creased ia its ditiien- 
sioas to AB, and viewed 
by the unaasiated eye. 

27. The Eye contains a series of lenses which cause the 
image of objects to he thrown inverted upon the retina. 
As we Bee bodies in the direction in which the ray comes, 
this does not interfere with vision. 

When the eye is too convex, the image is formed in front 
of the retina, and near-sightcdnesa results. It is palliated 
by the use of concave spectacles, which cause the rays of 
light to diverge before entering the pupil. When the eye 
ia not sufficiently convex, the raya do not come to a focus 
npon the retina, but would form an image behind it; con- 
vex lenses arc nsed in these cases. Sometimes the eye is 
flattened vertically or at the aides, when objects are dis- 
torted, being elongated or rendered broader, as the case 
may be; some eyes are unable to distinguish the upright 
lineft of a brick wall ; others, those which are horizontal. 
Similar effects are often seen in looking through a window 
of common (cylinder) glass. In these cases cylindrical 
Icnaes are to he employed. 

The Brat or second defeet is often combined with the third. 
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Care should be taken, in selectinf; lenMs to remeitj def«ot« of 
vision, that the eye is not still further injured by the use of ■p«o- 
taalea of improper curve. Lenses with the cjlindricul and con- 
cave or convex surfaco uoinhined uro lundeby Mr.Xentmcjer of 

',i 28. AbeiratioilS. — Simple lenses are subject to spherical 
Fib. Iff. and cliromatic aberrations. The 

I former produces indistinctaeBa 
I of form, the latter gives fringes 
■ colour to the imape. The 
I causes and remedies of those 
I will not bo discussed here. 

29. BlcrOBCOpes.— The aim- 

I plcsl form of microscope is the 

I doubly convex lens, the object 

I being placed within the princi- 

I pal focus (30). Sometimes the 

i is mounted on a stand, with 

I a stage to hold the object, and 

a cOncBvo mirror below to cou- 

centrate the light upon trans- 

I parent bodies, or a convez lens 

I above to illuminate those wbicfa 

are opaque. 

' The compound microscope con- 
I sists of two sets of lenses, by tho 
I first of which (the object-glass) 
J a real inverted image of the ob- 
I ject is made, which is received 
1 at the focus of the second set of 
' lenses (the eye-piece), and again 
magnified. The principle is seen in Fig. 10. When tho 
arrow, e r, placed before tho lens, a h, but without its prin- 
cipal focus, forms a real enlarged image, B S, which being 
af^ain magnified by the eye k'ns, c d, tho eye tra<MS tha 





rays back in the direction C R' and D 8', giving the greatly 
enlarged image R' S'. In practice, the inBtrumcnt is made 
more complex, to avoid aberrations. 

30. Analysis of Light; Spectrum. — If a beam of light, 
B, Fig. U, be admitted into a dark room, through a cir- 
cular opening, H, it will form a Rg. ii. 
white spot upon the wall, W. 
If the triangular priam, P, be in- 
terposed, the beam will be twice 
bent (28) ; but inatoad of forming 
only a circular spot upon the 

wall, it will be elongated, forming what is termed the 
' , prismaiic spectrum. The colours beginning at the top 
are violet, indigo, blue, green, yellow, orange, and red. 
By means of a lens or a. second priam these may be re-com- 
bined, forming white light. These colours cannot be fur- 
ther decomposed; they are therefore termed primary. 
The violet, being the most deflected from the course of the 
beam, ia the most refrangible, and the red the ieast so. 
The greatest iUuminating power ia in the yellow; the 
greatest healing power in and beyond the red, and the 
greatest chemical power in and beyond the violet. The 
lengths of the waves of the different colours, and their 
^^ namber of vibrations per second, have been calculated. 
^M The Bnmbcr of vibrations of the extreme violet is 
H 73T,O0O,000,OOO,000, and their length s-ghs °^°-'^ '■"^ti ; the 
^M extreme red vibrates 158,000,000,000,000 times per second, 
^M and the vibrations are til^is of an inch in length. Thia 
^M subject will be further discussed under the head of CajSMi- 
^m OAL Aftinitt, and Decomposition. 

L 
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Complementary Colmim. Any two colours which by their 

lion would produce white light nre said to be complemenlary. 

we take from the solar spectrum auy colour whntever, we may 

unite all the remaining colours by means of ft lena or prism, and 

isulting tint will ho pomplomcntnry ta the one removed, 
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Tjeing juflt wbiit is wanted tu make white light. The following 
are eiamplea: rod, green ; violet, jellow ; blue, orange. Com- 
plementary colouce brighten each other by oODtrast. 

31. Absorption of Light. — When light is reflected or 
transmitted, & portion is absorbed by the surface or 
medium. When all the rays are absorbed by a surface, it 
is black, or more properly iaviaible ; when all are irrega- 
iarly reflected, it is white, or if regularly reflected, invisible 
(23). If a portion be absorbed, the colour will be due to 
those rays reflected or transmitted ; thus blue glass absorbs 
all but the blue ray, and red cloth absorbs all but the red 
ray. The cause of this selection of colours of bodies is 
wholly unknown. 

32, Phyaieal Optics includes the subjects of interference, 
diffraction, polariH alio n, and fluorescence. These phenomena 
are complex in their character ; they are usually explained 
upon the undulatory theory, although in some cases it 
fails. The student is referred to more elaborate works for 
their consideration 



I PRELEHINAEY. 

33. Nature of Heat — Two theories have prerailea;'' 

First, that a subtile imponderable body, termed caloric, 
enters iato the pores ( 8 ) of bodies, and by its varying 
quantity and the changes produced upon its entering or 
leaving, the phenomena observed are caused. In cer- 
tain cases it was supposed to become latent (Lat. lateo, 
I lie hidden), and was then inappreciable to ordinary 
observation. The second consiiJcrs heat as a " mods of 
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motion,"* but the exact maaner In which this motion pro- 
duces the vu'ious phenomena is yet & matter of discussion. 
The latter view of the subject is generally adopted, al- 
thoogh, as in the case of light, the lan^age of the mate- 
rial theory is yet employed for convenience. 

34. Rektions of Beat and MotioiL — Apart from any 
theoretical consideration, the mutual convertibility of mo- 
tion and beat has been settled by experiment. It bafi long 
been known that heat would produce motion, as in the 
steam-engine, or the expaosioo of a liquid in a ther- 
mometer tube, and that arrested motion would produce 
heat, as in friction-matches, or iron rendered red-hot by 
hammering. It has been ascertained that when heat is 
doing iBOrk, it is no longer sensible as heat, and that the 
amount of heat developed by arrested motion is exactly 
equivalent to the force employed; wbicb force is equal 
to that which would be developed by the amount of beat 
^ven out by its arrest 

35. Hecbanical Eqnivalent ot Heat— The independent 
researches of Joule and Voa Meyer have gi%-en us the 
mathematical relation betwe«D heat and work. The unit 
of work (dynamical unit) is one pound raise<i one foot, or 
one foot-pound ; the unit of heat is the amount neceasary 
to raise one pound of water from 32° to 33° F. or less, 
accurately that required to raise a pound of water one 
degree of Fahrenheit's scale. One thermal unit is cqaivft- 
lent to ITi dynamical units. 

36. Tempenton. — We judge of the tJitenaily ot heat 
by our sensations, and speak of bodies as being hot or 
cold. These sensations are faUadons, those produced by 
extreme cold and heat being similar. The terms hi^h and 
low lemperature are applied to aigniff the conditions ex- 
pressed in ordinary language by fwt and cold. The teni* 




perature of a body simply indicates the intensity C 
heat, and gives no idea of the qnantity. Thus a ther- 
mometer in a teacapful of boiling water marks the same 
temperature as if planged into a vat of the same contain- 
ing a thouEand gallons, yet we know that the quantity of 
heat given out during the cooling of the latter is as many 
times greater than that which the former gives out, in 
falling to the same temperature, as the amount of liquid 
is greater. Again, suppone a thermometer at 50° F, and 
100"* P. in equal quantities of liquid, it would be a mistake 
to suppose that in the latter case the water was twice aa 
hot m in the former. The zero of the thermometric scale 
Is entirely arbitrary and does not indicate the complete 
absence of heat, which may !ji: yet abstracted from bodies 
which have been cooled to 0. The absolute of heat has 
been calculated to be — 459° V. 
I 37. Heasnrement of Temperatnra — The instruments for 

I indicating changes of temperature, or for measuring them, 
arc thermoscopea, thermoTnet ;■«, pyrometers, and tkermo- 
tiiuUipliere. In all cases their graduations are arbitrary. 
Thermosoopes (Gr. therme, heat, and scopea, I view) 
merely indicate changes of ttiiiperature. The most com- 
' mon form is a bulb containing air attached to a stem con- 
taining liquid; on an increase of temperature the air 
expands, driving the liquid upwards or downwards, (Sanc- 
torius' thermometer.) This instrument is imperfect, be- 
cause the volume of air in the bulb may be varied by 
changes of atmospheric pressure. In the differential 
thermometer two bulbs containing air are united by a U- 
i shaped tulie containing liquid ; any change in the temper- 
' ature of one of the bulbs, the other being unaffected, is 
I made manifest by the motion of the liquid from the 
warmer bulb. 
TtaermoDieters (Gr, tkerme, heat, and metron, measure) 
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nerve both to indicate and compare changes of temperature. 
Their indications are derired from the espanaion of a 
liquid in a closed tube. Mercury is the liquid preferred 
because of ita low spccilic heat (69), its uniformity of ex- 
paneion (51), its low freezing and high boiling point, and 
its property of not adhering to glass. The tube has a bulb 
blown on it, which with part of the stem is filled with 
mercury; the air is expelled by boiling the mercury, and 
the end of the tube hermetically sealed, (melted together.) 
The instrument ia then immersed in the vapour of boiling 
water, (the barometer being at 30 in.,) and the height of 
the column marked ; afterwards it is plunged into melting 
ice &nd the height again noted. The space between 
these two points is divided into degrees, which vary ac- 
coiding to the scale adopted. On the centigrade scale 
(C.) the melting point of ice is marked 0, the boiling point 
of water 100°. Keaumur's scale (R.) has the same 0, but 
the boiling point is 80**. Fahrenheit (F.) marks the lower 
point 33°, the upper 212°. Thus the same space ia divided 
into 100, 80, and 180 degrees on the different scales. 

Henoe (dividing hy 20) 9 degrees F.=^ C.=4 R. To oonvert 
C. degrees to F., multiply by 9, divide by 5, and add 32, To oon- 
vert R, to F., multiply by 9, divide by 4, and odd 32. The fol- 
m formulBB include all the neaeHBory convorsious : F. to C., i 
= C.; C. t«F., |C + 3Z=F.j R. toF.,|a. + 32 = F.i 
r.toii.. J(F.— 32) = R, 

Fyronteters (Gr. pur, fire, and melron, measure) are 
instrumenta used for measuring high temperatures by 
means of the expansion of a solid body, which it is diffi- 
cult to soften or melt. Saxton's reflecting pyrometer 
mcaeurea very slight changes at ordinary temperatures by 
communicating, by means of compound levers, the motion 
produced by the expansion of a bar of metal to a mirror 
which reflects a scale placed at a distance ; the image of 
tbe Bcale in t^e mirror is examined by a telescope. 
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An idea of the effect of the 

of the bar, naj be obtAioed b; thr<>wiiiga Seam ofligbi. 

email looking-gtsaa upon adiKtan: tTall ; an almost imperceptible 
change in the poaition of the mirrur is folloired by a motioii of 
the spot of rejected light tbrou)<!i sereral feet. 

Thenno-MllltlplieT. This ■ strument is by far the most 
Benaitire to minoto changes of temperature yet devised. 
A number of smaU bara of bismuth and antimony are 
soldered at alternate ends an '. kept apart by slips of paste- 
board ; to the end bars of the arrangement a copper wire 
is fastened, this passes several times aroand a delicately 
suspended magaetic needle ; n-hen one end of the pile of 
bars is warmed, a eorrent of electricity passes through the 
wire and causes the needle to move over a graduated scale. 



n. SOUBCES OF HEAT. 

I. Physical; 2. Mechanical; 3. Chemicai^ 

38. (1) PhysicaL — These are the heat of the snn and 
stars, the internal heat of the earth, and atmospheric elec- 
tricity. The two last are comiiaratively unimportant. 

Amount of Heat Emitted by the Sun. — According to the 
observatioaa of Pouillet,* the amount of heat annually re- 
ceived from the sun would melt a layer of ice surrounding 
the earth 101 feet thick. Yet the earth receives leas than 
the two thousand millionths of the heat emitted by the 
sun. The fixed stars, the suns of other systems, are esti- 
mated to furnish to the earth four-fifths as much heat as 
the sun itself.f 

The heat emitted by the sun would boil 700,000,000,000 of 
cubic miles of ice-cold vater per hoar; its volume is 1,400,000 

n 5000'years. t 
t Sittm*!', op. ci(. 493. 
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The cause or the eaa'e heat is Enppoaed by Von Hejer 
dae to the percuseion of asteroids falling upon it. Should the 
earth be drawn into the sun, the heat developed by the shook 
and the arrest of the earth's rotation voald supply the aan'a 
emission for ninety-five years. f 

39. (2) Meolianleal Sources of Heat— Force is never 
lost. Whca motion is arrested, enough heat is developed 
to reproduce that motion, if properly applied. Friction 
compreaaion, and percussion are methods of converting 
motion into heat. 

A match is lighted by the heat developed by friction ; a piece 
of cold metal passed between rollers beoomes hot ; iron may be 
heated red-hot by hammering. 

40. (3) Chemloal Sonroes of Heat. — Chemical combina- 
tion is accompanied by heat. When the beat thus pro- 
duced is sufficiently intense to produce light, the phenom- 
enon is called combustion. This subject will be more 
fully considered under the heads of Chemicai, Aprnitt, 
and OxTOEN. 

In an ordinary fi.re the heat developed is due to tbe'union of 
the oxygen of the air with the carbon and hydrognn of the fuel. 
The amount of heat developed will depend chiefly upon the 
quantity of oxygen consumed. 

The cause of animal heat is supposed to be the union of 
the carbon, and perhaps of the hydrogen of the food, with 
the oxygen of the inspired air. This probably takes place 
in the capillaries. — (Liebig,) This view is not adopted 
by all physiologists, 

m. COMMUNICATION OP HEAT. 

1. Radiation ; 2. Condection ; 3. Convbction. 

41. (1) Radiatdon. — The phenomena of radiant heat 
closely resemble those of light. It is propagated in raya 
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with immense velocity, and is reflected, transmitted, or 
absorbed by the surface upon which it falls. It is not 
BJTect«d by currents of air. Its intensity ie directly pro- 
portional to the temperature of the source, and inversely 
as Iho square of the distance. It is supposed to be con- 
stantly taking place from the eurfaces of all bodies ; when 
a body is warmer than those surrounding, it emits more 
than it receives, and vice verita. Hence the apparent radi- 
ation of cold, aa In the lowering of the thermometer hung 
0T6r the Bide of a vessel on the approach of an iceberg. 
The heat accompanying light is termed Ivminoug ; that 
from a dark body, as a vessel of hot water, obscure. 

42. Emission. — The rate at which heat passes from s 
body depends upon the temperature and nature of the sur- 
face. Rough surfaces emit most rapidly. The following 
examples will show the emissive power of different sur- 
faces for non-luminous beat: Lampblack (the highest) 
assumed as 100; white lead, 100; writing-paper, 98; 
glass, 90 ; ice, 85 ; tarnisbcd lead, 45 ; polished silver, 3. 
It is independent of colour. 

Water IB easily boiled in a glass, or roaeh or Bmoked metsllio 
veaael ; it is kept warm in a veBBel of polinbed metnl. A pnl- 
ished metsllio vesBel, filled iritli hot water, will cool more rapidly 
if covered with a tightly fittine muslin jacket. The high radt- 
ating power of glass causea wmdiiwB, in winter, to cool the air 
of rooms rapidly, resnltioe in loss of fuel and the production of 
downward ourrenta of cold, foul air, which interfere with venti- 
lation. Water has a high radiating power, and will freecc, 
under favourable circumstances, when the temperature of the 
eurroundiug air iB not below 40° F. 

43, Absorption. — The absorbing power of a surface iw 
the same as its emissive power when the source is at 
212° F.; at other temperatures they coincide nearly, but 
not exactly. It also varies with the nature of the source 
Lampblack is the only substance which absorbs all the 
rays of heat, no matt«r what the source. Absorption of 
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obscure rays is independent of the colour of the surface ; 
of luminous rays the greatest number are absorbed by 
black; then in the following order: violet, indigo blae, 
green, red, yellow, and white. The rays of heat are more 
largely absorbed in proportion as they fall more nearly 
perpendicularly upon the surface. Henee the less ap- 
parent warmth of the sun'a rays in winter. 

a. Reflectioil. — The laws of the reflection of radiant 
heat agree with ttraso of light (23), The reflecting power 
of a surface is inversely as its radiating power. Polished 
metallic surfaces form the best reflectors ; glass silvered on 
the back, while an excellent reflector of light, is almost 
useless iu the case of heat; but a film of gold aso^mii ''f 
an inch in thickness, placed on the front of the glass, will 
reflect almost as well as a solid metallic plate. 

45. Transmiasion. — The laws of the transmission of 
radiant heat accord closely with those of light. Bodies 
which allow heal to pass through them are termed 
dialhermous (Or. dia, through, and Ikervtaino, to heat). 
There is no direct relation between the transparency of a 
medium and its power to transmit heat. Roek-salt is the 
most diathermous body known; when smoked so as to 
become opaque, it still transmits heat ; alum which may 
be obtained quite transparent, almost entirely cuts off the 
heat-rays; glass transmits them imperfectly. The pro- 
portion of heat-rays transmitted also depends upon the 
source ; at high temperatures a larger proportion is trans- 
mitted, and the diSbrence of the diathermacv of variouB 
media is less marked than for the obscure rays. Gases 
vary exceedingly in their transmitting power, pure dry air 
being almost absolutely diathermous, while ammonia, 
defiant gas, odours of essential oils, and watery vapour 
obstruct to o greater or less degree.* The radiating and 
absorbing powers of media are proportional. 

" Ttbdall, op. cil. pp. .Ifll, 37*. 399. 



88 HKDIGAL OBIHISTKT. 

Cftlliag the sbBorptive power foi obscure t^Jt, under •(mo* 

Siberia preHSure, of pure dry aif 1, that of Rmmoniti it 119& ; 
efiant gu, 970; humid air. 96; eseential oils, 30 to 3T2. A 
■tratuin of ammonia as thick as a ebeet of paper trill cut off 
obscure hettt-rays as effectuallj as a metal eoreen. The im- 
portance of these discoveries to the ecienoe of meteorology ia 

SirriNC or Rats. — When the lajs from aoj source pass 
through a medium, a certain portion is arrested. Of thoae wniob 
^ through a much larger proportion will pass through a eecond 
similar mediom. For example, a plate of alum transmitted but 
9 per cent, of beat-rajs, arresting 91 ; of these 9 a seoond plate 
transmitted 90 per cenL, arresting but 10 per cent. The heat 
which has pasaea through the first plate is sud to be sifled of 
those rajs which are moat easily arrested. This principle 
eipIaiuB why glass readily transmits solar beat, but arrests that 
from other sourcea. The heat of the sun in its passage through 
the atmosphere (whit^h eontains watery rapoar, ammonia, and 
odours) is strained of the rays which could be stopped by th« 
glass. 

46. Refraction of Heat — The rays of beat obey the 
laws of light in regard to refraction. The ordioary bum- 
ing-glasB causes the rays of the aun to he concentrated 
upon B. spot, the focus (26). The intensity of the heat at 
the focus compared with that of the sun is as the area of 
the glass compared with that of the focus. Heat pasBed 
through a prism forms a thermal spectrum analogous to 
the solar spectrum, but dtfTering in many important points. 
Heat, like light, may be polarized. 

47. Gondaction. — Heat passes slowly through bodies, it 
is supposed by radiation from particle to particle. The 
conducting power of liquids ia very slight, that of gases 
inappreciable. Of solid bodies, the metals are the best 
conductors. The following list assumes the best con- 
ductor at 100: Silver, 100; gold, 98; copper, 73; brass, 22; 
tin, 23; iron, 13; lead, 11 ; platinum, 10; German silver, 
6 ; biamuth, 2. Solids generally conduct equally in all 
directions. This is not the case with certain crystals and 
with wood. Porous or fibrous bodies, as sawdust, pow- 
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dered charcoal, and down, are bad conductors on account 
of the air and gases enclosed. 

iLLUBTkATioNS. — If & tod of iroH be held with one end in the 
(Ire, &I1 appreciable time will ekpde befure the hand recoivoa heat 
throQgh It, although the rndiant heat at the aaa, at 95,000,000 of 
milea distant, is fett oa soon aa hia light ia Been. 

If a pin be thruat into a oandle-flame, it will soon become too 
hot to be held ; a wooden mateh, if held upwards, may be burned 
nlmoat to tlie fingers without heat being oommunii^ted b; the 

Metal at 120° F. will bum the hand ; water maj be borne at 
150° if the hand be kept still and the temperature gradually 
iwaed ; drj air may be endured above 300°, at which tempera- 
ture eggs may bo rooatcd and steaka cooked. Moist aJr con- 
ducts lietter than when dry ; hence the feeling of chillineas it pro- 
duces. Fire-proof aafen. ice-houaea. water-pitchera, are made 
double with porous material interposed tu prevent the com- 
manioatian of heat from withouL A bed of ice several centuries 
uld exists on the flanks of Mount JEtaa, preserved by having 
been first covered with a layer of sand and ashes, and then with 
a stream of lava. 

The order of conducting power of clothine materials ia as fol- 
lows: linen, cotton, silk, wool, furs, eideiHlowu. Fine fobrios 
are warmer than coarse ones. 

48. Gonvectioii or CirenlatioiL — Liquids and gases can, 
in practice, be warmed only by Leat applied below. The 
partielea of.Snid in contact with the heated portion of the 
coDtainiug vessel become expanded and are forced upwards 
by the descending cooler and heavier ones. A circulation 
is thus set up by which each particle in turn receives heat 
fh»m the source. The presence of any viscid matter will 
prevent this circulation ; hence, in boiling starch, gum, 
etc, the fluid requires to be constantly stirred to prevent 
burning. 

Winds and currents In the atmosphere (163) are thus caused. 
The gulf-stream is due to the heated water of the tropics flowing 
off toward the poles. 
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IV. EFFECTS OP HEAT. 

49. In considering the effects of heat, it should 
borne in mind that bodiea consist of particles with dis- 
proportionately large spaces or pores between them (8). 
These particles are under the constant influence of two 
forces, that of attraction tending to bring the particles into 
contact, aud that of repulsion (due principally, if not 
wholly, to heat) tending to drive them asunder. When 
the first preponderates greatly, bodies arc solid ; when in 
a less degree, liquid; and when the latter is stronger, thej^ 
are in the state of gas or vapour. Moreover, as the dia- 
tance of the particles increases, the attractive force dimin- 
ishes in B, rapid ratio, and the repulsive force acts with 
an energy correspondingly greater (9). The effects of 
heat may l)e considered under the heads of Expansion, 
and Ohasok of State. 

50. I. EXPANSION (o) of Solids, (6) of Liquids, (e) 
OP Gases. 

(a) Of Solids. — All solids (except caoutchouc*) expand 
by heat. The expansion is equal in all directions; the 
flolid resumes its original form and volume on returmng 
to the original temperature. When expansion is measured 
in length only, it is called linear; when in all dimensiouB, 
it is called cubical. The coefficient of expansion ia the 
small increase in dimensions observed in passing from 32" 
to 33° F. The rate of expansion of solids varies with the 
body and increases with the temperature. The force 
eserted by an expanding or contraeting body is equal to 
that required to extend or compress it an equal amount, 
and is practically irresistible. A bar of iron one 
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square, heated from 10° to 90° F., exerts a pressure of 
about T tons. 

Certain crystals do not expand equally in all directions. 
Wmid expands mure in the breadth than in the leoEth of its 
fibres; lead sometimes eipands permaneoflj, caiieiDg the leaden 
lining; of balh-tuba, etc.. to become wrinkled. 

Cubical ezpaiuion maj be derived from the linear bj cubing 
the uuefficient. The increase of capacity of hoUow vemela is 
equal to that of a solid mass of the same size and material for a 
like change of temperature. 

Tbe amount of expansion of solids ia small, being for lino, 
'vrbich ie tho most cipanaible uf the metals, onlj iJgtb of its 
length, between 32° and 212° F. Tbe fullowine list gives the 
relative dilatabilit; of the bodies named: Zino, lead, tin, silver, 
brass, gold, copper, blHiuuth, iron, steel, antimony, platinum, 
glasa. Jce and certain minerals are iDi'>re expansible than the 
metals. Platinnm wires may be fastened in gla«s, as the two 
expand and contract nearly alike ; other metals will expand and 
contract more than tbe glaas, causing them to split it or become 

Compoand bars. — If two metals, as silver and platinum, be 
rivetfid together, the bar will bend on change of temperature; 
the mure expansible metal forming the convex front of tbe curve 
when heated, and ctce veraa. Such an arrangement is employed 
in Brtguel't thermometer, and is applied, amonz others, Co the 
compeusation of the pendulums of clocks and balance-wheels of 
watches. 

The force of expansion and contraction of solids is often 
u«efulty employed, as in shrinking tires on wheels, reinforce 
rings on caunou, or in drawing up the walls of buildings by the 
oontraction of rods passed through the walls. Glass stoppers 
may be loosened by heating the neck of Che bottle; the neck 
becomes warmed sooner than the stopper, and, expanding, re- 
Heat, applied t« a thick glass vessel, will crack it, 
because of the more rapid expansion of the part heated, owing 
tu the bad conducting power of tbe glass. Chemical flasks are 
made thin, and will safely bear sudden changes of temperature. 

51. (b) Of Liquids. — Liquids expand more than soIidB 
for an equal increase of temperature, because in thorn tbe 
cohesive force is weaker. Between 32° and 212° F. the 
expauBion (cubical) of mercury is j'd, of water ^-J.j, aleo- 
bol J. Tbey expand more irregularly than Bolids, the rate 
g greater at higher temperatures. Mercury is the most 

uiform in its rate of eipannion, which is one reason for 
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He use fu thermometers (31). The rate of expansioa of » 
liquid io glass (which at the same time expands) is called 
its apparent, in contradistinction to its abnoluie or real ex- 
pansion. The force exerted by the expansion of a liquid 
is, like that of a solid, practically irresistible. Mercury, 
heated 10°, exerts a force of 2850 lbs. per square inch. 
When kept under pressure, and heated above their boiling- 
point, the rate of expaDsion of liquids iuereases rapidly, 
and even exceeds that of gasca. Liquid carbonic acid ex- 
pands more than air for an equal increase of temperature. 

62. HaxitDQin Density of Water. — Water, cooled below 

39-2° F., no longer contracts, but expands until it reaches 
the freezing-point 32° F. Hence at that point any increase 
or diminution of temperature causes an increase of bulk, 
and the liquid is said to be at its temperature of maximum 
(greatest) density 

Owing to this fact, our atrpams and lakes never freeze to any 
great depth. Water exposed to oold loses its beat by radiation 
(41) and convection (46), until it reaches 39-2° F.; after tbii, 
eiroulatioD ceases, the colder ivater, being lighter, no lunger sinks 
to tbe bottoni, bat remains like a film of oil on tbe surface until 
it freezes. Ice, being ligbter tbaa water Boats, and as it is a bad 
conductor of heat, acts to protect the stream from further loss. 
The temperature of maximum density of sea-water is 2o'7° P, 

53, (c) Of Gases. — In gases the cohesive force is inap- 
preciable; they therefore expand more than liquids. All 
gases expand alike, and the rate Is not altered by tempera- 
ture nor pressure. The increase of bulk of a gas for 1° F. 
is ,Jn of its bulk at 0" P., or ^^3 of its bulk at 32° P. 
This is equal to rather more than one-third of the bulk 
between 32° and 212° F. 

The above statements, although practically true, are not strictly 
BO Certain liquefied gases, as carbonic acid, expand more than 
the gases themselves. All gases do not absolutely expand alike, 
nor 18 tbe rate of expansion entirely uniuQuenced by pressure. < 

In order to calculate the volume of a given quantity of 
gas of known temperature and pressure at any other tern- 
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peraturc and pressure, the following simple fonuuJte will 
be sufficient. Calling t the original temperature in degrees 
F,, p the original presaure, C the observed temperature, and 
p' the obsen^ed pressure. Then, aa a gas increases ^J, of 
its bulk for each degree P., and its volume is inversely at 
the pressure (I9i), we have 

4eO+i : 460+C : ; V : V : and 
p' : p ; : : V : V 
where V and V are the original and observed volumes. 

Thus, 100 cubic inches of a gas at 60° F., and 30 in. bar., 
lioiMinB at 90° F., and 29 in. bar., — 109-2 c. in. 
520 : 550 -. : 100 : 105-7 
29 : 30 : : 100 : 103-5 

54. 2. Change of state inclades the phenomena of (a) 
fUsioQ, congelation, or solidification; (6) evaporation, 
vapourisation, condensation ; and (c) latent heat All 
matter (with certain exceptions) may esist either as solid, 
liquid or gas, the state depending upon the temperature 
and pressure. By lowering temperature and increasing 
pressure, thus aiding cohesion, we convert gases and 
vapours into liquids, and finally into solids, and vice versa. 

As yet, HOme solids have not been satiafactoril; fused or vaponr- 
ised, and the following gases have resisted all attempts to liquefy 
them: oxygen, hydrogen, nitrogen, carbonic oxide, nitric oxide, 
and marsh gas. 

When vtt speak then of a body as a solid, or liquid, or gas, 
we refer to ordinary tempemtures. To an inhabitant of a cli- 
mate of a filed temperature of 0° F., sulphurous acid would be a 
liquid and wat«r a solid ; were the planet Mercury habitable, 
iron would be described aa a gas 

55. (a) Fosion and Solidification. — Bodies melt at a 
certain t«mpernture fixed for each, at which temperature 
they also solidify. During the processes of fusion or of 
solidification, the temperature remains constant. Some 
bodies, as ice, pass at once to the liquid state ; others, 
as butter, soften gradually ; others, as camphor and arsenic, 
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paaB at once into the state of vapour, nnless under moflt " 
than atmospheric presaare. 

The following are some of the more important/iuin^ pointt in 
deKreeB(F.) : Mercnrj — 39, bromine — 4,phosphoruaXUl.iodiii« 
+ 224, BnlphQr+ 239, tin + 455, biamath + 518. lead+ 630, liiM 
+ 761, «Uyer + 1873. copper + 2143, gold + 2016. 

The temper«tnre of the liquid remaiDS constant dariog fasion 
bcBangfl the heat Applied goes to melt the body, not to raise the 
temperatore of that already melwd. It ia then doing work (34) 
and is not senaible to the thermometer ; (LiTSSr IIsat.) Con- 
Ter«ely. when heat ■■ nhstrsated froto a liquid, a portion becomes 
solid, and the heat of fusion is thus liberated, and the temperar 
ture cannot &1I so lone as any liquid remains. 

Bodies which are difficult of fusion, as carbon, fire-clay, lime, 
magnesia, silica, etc., are termed refrarlory.^ Even carbfio, how- 
ever, has been softened and partially fused in the voltaic arch. 

5fi. Change of Volume during Solidiflcation. — Mercury 
and moHt metals contract on solidification, and do not 
therefore make good casta. Hence coins and medals aie 
stamped. Certain alloys, as type-metal (lead and anti- 
mony), expand and take sharp impressions of a matrix, i 
Water expands about one-eleventh of its bulk on free^n^ I 
and will burst stroag iron vessels. 1 

Water does not always freeze at 32" F.. but invariably melto 
at that temperature. By keeping it perfectly still, deprived of 
carbonic acid, or utiiler great pressure, or in capillary tubes, its 
temperature may be lowered 10° or more below its normal &eM- 
ing-point. 

5T. {b) Evaporation and Vaponmatlon. — Liquids t 
the application of heat become vapours. Physically, j 
vapours (remote from their condensing points) and gases. f 
are identical 

Evaporation takes place gradually, at all temperatures, I 
and from the surface of the liquid only. When solids pasB I 
at once into the state of vapour, it is termed gublimation, f 
although this word has a more extended meaning 

Ice and snow evaporate below 32° F. Some liquids do ti 
evaporate below a certain point, as mercury below 40° F., ai 
sulphuric acid al common temperature. 
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58. Tension of Vapours, — If a barometer tube be filled 
and inverted over mercury, there will be above the mer- 
cury, in the tube, a vacuum (Torricellian vacuum [193] ). 
If intfl a series of such tubes Bmall equal quantities of 
different liquids be introduced at the same temperature, it 
will be noticed that the liquid wUI volatilise instantly, and 
that the mercury will be forced down in' the tube to a 
greater distance in proportion as the liquid is more vola- 
tile. This elastic force or spring of the vapour is called 
its tension. If an additional quantity of liquid be intro- 
duced, further deprensioD takes place, until it will be found 
that the liquid will no longer volatilise, nor the column be 
depressed by its vapour. The Bpace has become saturated 
with the vapour and can receive no more ; this is ciilled 
the point of saturation or maximum (greatest) tension of 
the vapour for that temperature. By increasing the tera* 
perature, more liquid is volatilised and further depression 
takes place; by reducing it, a portion of the vapour ia 
condensed, and the column rises. When the temporatore 
rises to the boiling-point of the liquid, the mercury is 
driven out of the tube, and will stand at the level of the 
cistern. When the tube contains both vapour and liquid, 
by raising it so as to diminfeh the pressure, further evapo- 
ration takes place ; by depressing it into the cistern so as 
to increaso the pressure, more liquid is formed. Hence 
the point of saturation or maximum tension varies with 
the temperature, and is independent of the pressure. The 
tension of vapours in communicating vessels unequally 
boated is equal, and is that due to the lower temperature. 

59. Circmnstancesinfineneing Evaporation. — The greater 

the extent of surface, the higher the temperature (up to a 
certain point [64] ) and the less the pressure, the more 
rapid the evaporation. Rapid removal of air, by present- 
ing a fresh space instead of one partially saturated, also 
aids it. 
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Is lb* atU, CT«poTstl«D is carried on in flat d 
limea in eait-nuking the brine is allowed U 
to increaM the extent of Eor&ce. Hedicinsl eztneCB ■ 
pared in vacuo. Dran^htt of air prodncfe a ssisation of coolne* 
by promoting eTKpoiauon (68). 





60. Vapoorisatioii, or Ebollitlaii, Uies place rapidly st 
the boiliDg-point and from the wbole oT the liquid. A 
liqaid boili! when the tension of its yapoor exceeds its co- 
bcHive force and the prepsnre on its Bur&ce. When water 
iB exposed to beat, we notice that the air is first driren 
ODt, then gimmering is heard. This is due to the con- 
densation of the babbles of eteam formed at the lower part 
of the vessel by the cooler liqaid above. As soon as the 
whole reacbes the boiling-point, the bubbles pass to the 
Borface and the steam escapes ; ordinarily it is partly con- 
densed into minute bubbles or drops forming a clond. 
True steam is transparent and invisible, as air. The boil- 
ing^MtDts of liquids will be given as their properties are 
described. By reducing the pressure the boiling-point ia 
lowered, by increasing it it is raised, so that water may be 
made to boil in vacuo at T0°, or in a strong boiler be 
heated red-hot. The temperatore of water in an oFdinsTT 
locomotive boiler ia 340° F. 

Adhaion also modiGea the loiUDe-poiDt. Id a perfectly clean 
kIom vesBel water ma; be raised to 221°, and then barsts irregu- 
Strly into it«am ; a little clean sand or platinum irirs eanaes tha 
liquid to tmil regularly at ita Dormal temperatare. Tbia expe- 
dient IB often used in diatilliog hearr Ilqaids, which bv their 
thamping woald break the retiirt. Water entirelj deprived of 
air may be heated to 360°, and then bursU into steam with ex- 
plosive violence. — {Dosn£.) 

As the boiling-point varicB with the jiramre, the barometrio 
height of 30 incheB(193]is asanmed as the standard. 

Solutiom ofaolidg raise the boiling-point ; a saturated solntioa 
of common salt boils at 227° F, Such solutions are soraetimes 
used as water-baths or in tempering steel. The water-bath con- 
e of two concentric veaaels having the interreDing apace filled 
with water, but open to the atmosphere. A body placed iu the 
inner vessel will be snbjeoted to a temperature not exceeding' 
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that of the boilin^point of the liquid. The c 
an example. 

Sugar ie made id vacuum pans, bj means of which it is boiled 
at a lutrer temperatare. In Papin's digester, a strong boiler of 
peculiar form, water is heat«d above its boiliDK-point, and iu 
solvent action on certain bodies much increaaed. 

61. Hecfaanlcal Force devdc^ted during Eraporatlon.— 

A cubic inch of water yields Dearly a cubic foot of steam. 
Hence the evaporation of water is a convenient method of 
converting heat into motion (34). Although some other 
liquids boil at a much lower temperature, ether, for in- 
stance, at 94'8°, yet at their boiling-points, the space occu- 
pied by their vapour is less than that of steam, and they 
require the same amount of beat to produce the same 
volume. Hence there would be no advantage in substi- 
tuting them for water in engines. The espansion of air 
is employed for the same purpose. As air only increases 
about one-third of its volume by being heated from 32° to 
213° F., its usefulness is limited to engines of moderato 
power. Its advantages over steam are : (1) Qreat«r 
economy. The specific heat of air (70) is but one-fourth 
that of wat«r. In engines working into the atmosphere, 
the agent (steam or air) is throwD away after doing woric, 
and the residual heat wasted. Air wastes but gne-fourtb 
as much as steam. (2) Safety. In air-engines there is 
no boiler, can be no explosion, and an attendant is only 
needed to replenish the fire and keep the machinery in 
order. 

62. Condensation of vapours is accomplished by cold, 
aided in some cases by pressure. Pressure alone cannot 
liquefy a vapoar, as the heat developed by the condensa- 
tion ia equivalent to the force producing it (34). By 
combined pressure and cold most of the gases known to 
us have been liquefied, and many solidified. Those which 
are known to ua only as gases, to wit : oxygen, hydrogen, 
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nitrogea, carbonic oxide, nitric oxide, and margh gaa, a 
termed permanently elastic gases. }M 

63. Distillation is the successive evaporation and coogfl 
densation of a liquid. It is employed to separate a )iqaitf4 
from a dissolved solid, or to separate liquids of different 
volatility from each other (fractional distillation). An 
example of the first is in the distillation of water to free it 
from impurities ; of the second, the separation of alcoh<4 ■ 
and water in the manufactnre of spirits. - J 

Fractional diatillation caDaol be relied on to separate entirety I 
liquida of differeat 7018111117, l>ecauge evaporation takes plaoa \ 
below the boiliag-poiiit of the less volatile liquid. Ilence cberai- 
oal means are resorted to afler the diatillntioD. See Alcouol. 

The form of cwdenser used on the large scale is a coiled pipe 
or tcorm immerBed in a cistern in which water is admitted he- 
low, and pasBca out above. Liebig's condenser is a tube bui^ 
rounding that leading from the retort, closed at the ends, and 
having a lateral tube for the admission of cold water below, and 
one for its exit above. 

When the distillate ia not very volatile, it is sufficient to keep 
the neck of the retort and the receiver cool by means of wetted 
paper or cloth. 

64. Spheroidal State. — A liquid dropped npon a polished 
plate heated considerably above ite boiling-point, does not 
wet the plat«, bnt assumes the form of a flattened sphere 
resting quietly upon it The evaporation of the spheroid 
is slow, its temperature is always below the boiling-point i 
of the liquid (205T° F. for water), that of its vaponr | 
nearly that of the plate. It does not touch the plata I 
The phenomenon takes place in vacuo, on the surface of I 
most solids and of liquids. The chemical action of a liqoid 1 
npon the plate is suspended while the former is i 
spheroidal state. The canses assigned for this phei 
non are four. (1) The repulsive force which heat exertt I 
between bodies which are nearly in contact i 
other. (2) A cushion of vapour is formed on which ] 
the spheroid rests. (3) This vapour is a bad conductA^ J 
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and prevcDts the rapid traiiBmission of heat from the plat« 
to the globule. The radiant beat of the plate is reflected 
from the globule. (4) The evaporation from the surface 
of the spheroid carries off the heal as it arrives, and pre- 
vents the liquid from boiling. 

Certain remarkable pbeuomena are oonnecled with Ibis atat«. 
A wWte-hot poker naav be licked with impunity ; the hand 
(moist) mo^be safelj planed into moltrn iron or lead. Bj the 
aid of liquid HulphuiouB or solid carbooic auids, water and mer- 
cury may be trozea in red-hot capsnies. : 

G5. (c) Latent Heat. — When heat caufws a solid to 
liquefy, or a liquid to vapourise, it is doiug work in over- 
coming or resisting the cobeaive force of the particles. It 
caatiot at the same time then do other work in expanding 
the liquid of a thermometer, or in producing tfaose changes 
which give as the sensation of heat. It is therefore insen- 
sible or lalenl (Jaieo, lie hidden). 

If we expose a pound of water and one of ice, each at 
33° F., in vessels provided with thermometers, to an uni- 
form source of heat, the ice will gradually melt, but the 
thermometer will remain at 32° until the last solid parti- 
cle has disappeared (55). If at this instant the ther- 
mometer in the other vessel be exarained, the water will 
be found to have risen to l'[4° F. It is evident that 142 
thermal units (35) have been expended in converting ice 
into water of the same temperature. 

If we expose a pound of water at 212" P., and JI6T 
pounds at 60° F., to an uniform source of heat, the boil- 
ing water will pass into steam of the same temperature 
(212° F). When it has ail vapouriscd, the 96T pounds of 
water will be found to have risen 1° F., to wit, to 61" F. 
Hence 967 thermal units are required to convert water 
into steam of the same temperature. On condensing the 
steam, by passing it into water below 212°, this heat is 
again given ont. 
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Water in the great legalatnr of changes of the earth's temp*^ 
nture. From itp high ^pecillc b^at (69), it absorbs heat in hoi 
' htcalitieti, anci gradn all; gives it out aa the temperfr- 
Ice and snow give oat their Utent heat to moderate 
Midd«n froKtx, and again absorbing it, reduce the temperature 
faring rapid thaws. B; their bod conducting ^o-wers thej 
prolMIt the earth from extremes of cold. Evaporation from the 
miHkev ot the earth moderates the intensitj of the aan's ra^s. 

fftoMii Ik nsed as a source of heat, both from its convenienoe 
mti tn awn where the direct action of flre would be nnsafe. It 
gttM Mit Ifoth it* sensible nnd latent heat when condensed. The 
Mffn (/f Ibe sensible and latent heat is near!;/ conetant ; that is, 
•»W« irMtrnftM the tcmporature of steam bj means of a high- 
Mwwnrii Iwikr (W), we compress it into a less volume, and thna 
Jibenlti M jMirliim of the latent heat. Ilence there is no economj 
to Um DM »f liigli- pressure steam for heating purposes. 

M. Fmezlng Hixtores, — If wo mix two solids capable 
«f TKiuUrring t-iv-.h otiicr liquid by chemical or mechanical 
foreti, the partlcleH are torn asunder by this force, and the 
html wlilcli would be necessary to liquefy them must be 
HUIipliijd from aurroundiug bodies. The same is tme of a 
MOlld and liquid. The moat common and convenient freezr. 
ing mixture is compoaed of aalt one part, snow or pounded. 
Ice two parts. A temperature of 0° F. may thus be pro- 
duced and maintained for some time. By means of a bath 
of Holid carbonic acid and ether, Mitchell (J. K.) obtained 
R temperature of — 146^ P. Natterer, by means of liquid 
nitrous oxydo and bisulphide of carbon, reached — 320° F. 
In the latter coses the low temperature was partly due to 
o?Bporation. The cold produced by solution, as of epsom 
Halt or nitre, is explained on the same principle. 

(17. Cold produced by Evaporation.— The heat required 
to evaporate or vapourise a liquid is abstracted from sor^ 
rounding bodies, or from the liquid itself. The more Tola- 
tilo the liquid, the more rapid the reduction of tempers 
tare. 

Tho cooling offuets of the rapid evaporation of perepiratiou,. 
ospeoisilljr in draughts of air, of cologne, etc., are well known. T 
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raporation of ether has been emplojed 
ixi LwiniDg's apparatus for the productiDo <)f 
Water may be frozen by its own evapon»lion 




a Holutiim of Hinnionia in water (which takes ap over TOO toI- 
umea of the gas) is beatod in a strong boiler until the gas is 
expelled. This gaa piuwes by a tube into a communicating con- 
denser, irhere it is liquefied by its own prBSHure, aided by the 
abstraction of heat by means of a current of water. If the 
builer he now placed in water, and cooled, the liquid amroonia 
(which boils at— 40° F.) pasees rapidly into vapour, which ia 
absorbed by the now cool water in the boiler, and the water in 
contact with the condenser, firing heat to the boiling ammonia, 
freeies. The cold produced l)y the evaporation of the spray of 
ether or rhigolene has been used for the production of local ^^1^ 
amcHthesia. — (Richabdeon, Bice low.) ^^^| 

68. 8PKCIFIC HEAT. _ Equal weights of different ^^M 

substances submitted for the Btuno time to the same source ^^^| 

of heat do Bot acquire the same temperature. Some take ^^^| 

longer than others to icarm through. Tims if two reasels, ^^^| 

one containing a pound of water, the eccond a pound of ^^^H 

mercury, be exposed to the same source of heat, it will be H 
found that while the water rises IT., the mercury will rise 

33° P. The water i» thus said to have a capacity for heat u 

33 times greater than that of mercury. As water has ^^M 

the greatest capacity for heat of any known body, it is ^^^H 

assumed as the standard. The specific heat of a body ia ^^^| 

the amount required to raise it 1° F., compared with an ^^^ 
equal weight of water. Thus the specific heat of mer- 
cury ia 0.033. It is not necessary here to detail the 

various methods of determining accurately the specific ^^J 

heats of bodies. The specific heat of a substance is ^^H 

greater in the liquid than in the solid fonn. ^^H 

A common experiment to ahow the different relative eipanai- ^^^^ 
bilit^ of licfuida is to take three tubes of equal diameters 
furnished with bulbs of equal capacity, one filled with mercury, 

a second with water, and a third with alcohol, to the same marli ^ 

Ion a scale. These are inserted in boiling water. At the end of a. ^^^i 
few minutes the alcohol will stand highest, the water next, and ^^^H 
the mercury lowest, indicating their relative apparent ezpansi- ^^^^| 
-1 
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bility. At firal, however, the mercary rims higher than dther I 
the water or the ulcuhul, owine to its bhibII specific heat. Thu I 
is one of the properties whioh reuders mereurj eapeciallj I 
adnpted for Ihermometers. The high epeeifio heat of w"*-- ' 
serves to moderate vicisBitudeB of climate (65), 

<jd. Speciflo Heat of Gases. — This may be considered, 

(1) when the gas ia kept in a close veaae!, so that its 
volume eaoDOt increase (s|;ieciGc heat under constant 
volume) ; (2) wheo the gas is allowed to expand freely 
(specific heat under constant pressure). The specific heat 
of gases does not vary with the temperature or with the 
pressure. When air is allowed to expand freely, about 
§ths of the heat applied is expended in producing ele- 
vation of temperature, the remaining f the being employed 
in expanding the air, or in work. This is given out upon 
compressing the air. The hoat evolved by suddenly com- 
pressing air ia sufficient to ignite tinder. 

10. Relation between Specific Heat and Atomic Weig:ht 
IF instead of comparing equal weights of elementary 
bodies we take atomic weights (147), we shall find that 
their capacity for heat is equal, or nearly bo. In other 
words, the specific heat of elementary bodies is inversely 
as their atomic weights. There are certain important 
exceptions to this law. This law also holds good ia 
regard to compound bodies of similar chemical constt- 
tution, and containing the same number of atoms. 

11. Agency of Heat in Natural Plienomena. — The'j 
change of season depends u|(on the fact that in a 
the sun is longer above the hojizon, and his rays are mora' 
nearly vertical (43). Climate is modified by the presence* ! 
of large bodies of water, which render the temperature' I 
more uniform (65); by the gulf-stream, which conveyis 
northward the warmer water of the tropics. The presence 
of snow-clad mountains, and of large forests which hide 
the earth from the sun's rays, render a climate colder. 
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ELECTRICITY. 



Is Bupposed to exist naturally in all bodies id a Btate or 
equilibrium, and to maaifost itself wben this is disturbed 
It is developed by mechanical means (statical or frictional 
electricity), by chemical action (dynamical electricity, gal- 
vanism, voltaic electricity), by heal (thermoelectricity), 
by viagnetism (magneto -electricity), by nervous force 
(animal electricity). Magnetism being but a manirestation 
of clectricitv, is conveniently considered first. 



MAGNETISM. 

T3. Magnets. — Magnetic iron ore, FojOi, (loadstone,) 
possesses the property of attracting iron and certain other 
motals (nicltel, cobalt, and perhaps manganese), and of 
communicating its powers to them; a bar of iron or steel 
thus magnetised is called an artificial magnet. Iron re- 
ceives and loses magnetism readily, steel with difficulty. 

A magnet is found to possess attraetivc powers princi- 
pally at its ends, which are called its poles. 

1*. Directive Tendency.— If a magnet be suspended 
freely, it assumes a position nearly north and south. The 
end which invariably points north, is called the north pole, 
and Dice versa. Ono pole cannot exist without the other; 
the fragments of a magnet each have poles. The north 
pole of a second magnet repels that of the first, and attracts 
its south pole, and vice versa. A magnet thus freely sus- 
pended forms a compass-needle. When two magnets are 
joined with the N.pole of one above tho S.pole of the other, 
it constitutes an astatic needle. 

15. Indnctlon. — A piece of iron brought near a magnet 
has magnetic polarity induced in it, and is attracted ; the 
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intensity of ttie attraction dependg upon the distance, and 
is not interPered with by the int«rpoaitioD of neutral sub- 
Btances. This second magnet is capable of inducing mag- 
netism in a third in a less degree, and so on. 

76. Varlatioil and Dip. — The line of direction of the 
magnet, called the magnetic meridian, varies from the true 
meridian. This deflection, which is not constant, is called 
the variation of the needle. A magnet free to move in a 
vertical plane will have a dip, which increases as we go 
from the equator towards the poles. The earth is supposed 
to be a great magnet, and the poles have been discovered, 
that is, points whore the dipping needle was vertical, and 
the horizontal needle ceased to traverse. 

7T. Diama^etism. — Researches with very powerful 
magnets (electro^nagoets, 104) have ghownthat all bodies 
areprobablymoreorless influenced by the magnet. Bodies 
which are attracted arrange themselves in a line joining 
the poles (ascially), those which are repelled in a line at 
right angles to this {eqiuUorially). The former are called 
magnetics or paramagnetics, the latter diamagitelics. Oxy- 
gen is highly magnetic. 



STATICAL ELECTBICrry. 

78. Elementary Phenomena. — If a tube or rod of dry 
glass be rubbed with a cat's fur, it will be found to attract 
light bodies, such as bits of paper. In the dark, a feeble 
bluish light is seen in the path of the rubber, and a crack- 
ling sound is heard; on presenting the knuckle, a slight 
spark will pass to it. Brought near the face, either the 
rod or rubber commuDtcates a sensation as if cobwebs 
were in contact with the skin. A body thus affected is said 
to be excited or electrified. Electricity does not> increase 
or diminish the weight of bodies under its influence. The 



66 HXDIOAI. OHKHIBTRT. 

same phenomena may be observed (with proper pre 
tioDS) in all bodies. Electricity readily passes from i 
excited body to a neutral one, and may be stored up for 1 
purposes of esperinient. 

79. Two Kinds of Electrioity. — If a pith-ball be bd»- 
pended by a silk string, it -will be attracted by an excited 
glaas rod. Ou touching the rod, it ib repelled, but is then 
attracted by the rubber; or if touched by the finger, is di»- 
charged, and will then be attracted by either the rod or 
rubber. Similar phcnomeDa in every respect are Been 
when the rod is composed of resinous matter or eulphur. 
A ball repelled by the glass will be attracted by the Hol- 
phur as by its own rubber, and vice veraa. 

80. HypothOBBS, — Two hypotheses bave been suggested 
to account for these and other electrical phenomena. Both 
involve tbe assumption of a subtile, ethereal, imponderable 
fluid pervading all nature, and existing in a state of quies- 
cence or combination in bodies In their natural state. 
Franklin supposed that, when the electrical eqnilibritim 
was disturbed by friction, that one body received from 
the other a portion of this fluid, becoming positive +, 
while the other, having relatively less, was termed nega- 
tive — . In caae of glass, the rubber loses, while in that 
of resin the rod loses. Du Fay supposed the existence ot 
two mutually attractive fluids, tbe vitreous and resinoua, I 
equal in amount but opposite in tendency ; when aBBo^ ' 
at«d together in equal quantity, tbey mutually neutraliee. 
When disturbed, they are separated, one going to the rub- 
ber and the other to the body rubbed. 

Ab Deither hypothogiH is probably true, that of Frsinklin ia 
preferred irom ita simplicity. Either is competsnt to aspl^n 
most of the pheDOmeoa. 

Bodies similarly escit«d repel each other, and tbose 
unlike excitfuient juutuaily attract. 
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81, Condnctora ; Insulators, — When a body i» excited, 
the rate eX which it will return to its normal condition 
<let)ends upon the Bubalances in contact with it. In dry 
air, the ejccitement will continue a long time ; touched witfa 
a neutral rod of glass or resin, no sensible change is pro- 
duced. In damp air, the excitement aoon vaniabes, and a 
touch of the linger or of a rod of metal instantly causes 
the discharge. Bodies which thus allow the electricitv to 
pass through them are called conducUrrs; those which 
do not, insulalore. Bad conductors receive and pan with 
electricity very slowly; if touched by an excited body, 
they receive electricity only at the point of contact, and if, 
when excited, they are touched, they lose electricity only 
at the point touched. Good conductors can only be 
excited when their communication with the earth is cat 
off. A metal rod shows no signs of electricity when 
rubbed, unless provided with a glass handle or otherwise 
insulated. 

The following list will give a general idea of the poaition of 
the moat important bodies ob respecta theit oonducting powers, 
faeelDDrng with the worst: Dry gasea, gutta-percha, ralcanil«, 
collodion, ahellu<, enlphur, amber, resins, silk, dry fur, glass, ice, 
volatile oils, fixed oils, vegetable fibres (atrbg), animal bodiea, 
water, saiine sulutiona, flame, melted salt«, clmrconl, the metaU. 
The relative conducting poner of metala for electricity and for 
heat (47) is nearly the same. The moat perfect insDlators allow 
electrical iufluenco to traverse them but bj induction {851, not 
bv conduction. The earth ia the great common reservoir whence 
ml eleotrioal excitements proceed, and to which they all tend. 

83. Electroscopes serve to indicfttcthe presence of excite- 
ment by the diverg^ence of light bodies similarly charged. 
One of the best is Bennett's, composed of two slips of 
gold loaf attached to the brass cap of a jar. On the ap- 
proach or contact of an excited body, the leaves diverge. 
In order to determine the kind of excitement, it ia only 
necessary to charge the instrument with electricity of 
(mown character. As opposite electricities attract, tbo 



tnOToment of tbe light bodica, wUl at oDce indicate that 
of the substance to bo testod. 

Mectrometers meaBcre the relative amounts of electrical 
force. It is found that the force of attraction and rcpul- 
Bion is directly as the amount of electricity, and inversely 
BB the square of the distance of the bodies. 

83. Electrical Tension. — The tendency of excited bodies 
to equUibrium is called their tcTiaion, and may be com- 
pared to a stretched epring. The equilibrium is restored, 
(1) By conduction. (2) By disruptive discharge (spark). 
(3) By convection, in which a body, as air, in contact with 
the excited object receives electricity, is repelled, and trans- 
mits it to a neutral body or one of opposite eacitement. The 
velocity of electricity of high tension ia as great aa that 
of light, when of low tension it is much less. The dura- 
tion of the electric spark is inconceivably short. It takes 
always the path of least resistance, which may not always 
be the shortest ; hence the zigzag form sometimes seen. 
When electricity passes continuously, it is called a current. 

84. Distributioii of Electricity. — Electricity of high ten- 
sion resides only on the outside surfaces of bodies; when 
of feeble tension, it may pass through the whole mass (as 
in a wire carrying a feeble current). 

When the surface is a sphere, the electricity is uniformly 
distributed ; on departing from this form, it tends to accu- 
mulate at the smaller portion, and will pass rapidly and 
quietly to and from points or sharp edges. The greater 
the surface over which a given quantity of electricity is 
distributed, the less its intensity. 

85. Induetioii of Electricity.— An excited body may 
disturb the equilibrium of a neutral one without contact, 
its influence being transmitted through the intervening 
insulator (dialectric). In this case the second body nei- 
ther gains nor loses electricity, and returns to its normal 



i 



ELKCTRICITT. &9 

condition aa aoon as the excited body ia removed. If, 
howcTsr, while excited it be touched, a portion of elec- 
tricity of tbe same name as that of the excited body will 
paae to the earth, and the body will remaia excited after 
the removal of the disturbing object, but with electricity 
of an opposite name. This action takes place by a polar- 
isation of the partieles of the intervening dialectic. 
The thinner the dialectric the more decided the induction. 
Alt insulators are not alike in the power of thus transmit- 
ting the excitement. A plate of shellac oETcrs only one 
half as much resistance as one of air of equal thickness. 
The relative facility of induction of bodies compared with 
air as a standard, ia called their specific inductive capacity. 

If a positively excited rod be approached to the Bennett's elec- 
troscope (82), the leaves will divorgo ; the cap will be found to be 
neeative, the lower ends of leaves positive. On withdrawing the 
rod, the leaves fall, asd all excitement diBappears. If, however, 
while the leaves are divergent, and the excited rod is near the 
instrument, the cap bo touched with the finger, the leaves will 
fall, and all will be quiet. On »ioio removing the rod, the leaves 
diverge, the cap will be found to be negative, and the lower ends 
of the leaves ixisitive. If we had ioucked the rod to the cap, 
the whole would havo been charged with positive electricity by 
contact. 

The action of polarisation may be understood by tho aocom- 

Eanyine figure (12). Lot A represent the positively excited 
Ddy; trie positive elec- „. „ 

tricity of the particle, . "^' "' 

B, of air ia repelled, I 
leaving the side next I 
the rod negatived This I 
particle acts in as: 
lar manner on C, . 
so on with diminished I 




, lelastpartich . 
a upon the second 
' body, driving the + 
I electricity from the side 
I S, and causing it to ao- 

I flumnlate on 0. It ia obvious that, on the removal of A, all 
I m excitement is withdrawn, and equilibrium is restored. 
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86. BeuB of AarmhttiR EbctiWtr.— TIm deotnipb- 
oms, electrieal maduDe, and Lerdeo jar viD be eonaid- 
etvd. Tbe hvdnvelertTie machine is sot aow osed, and 
tbe indtutioD coil wiD be described benafter (108). 

87. Tbe Eleetrt^lians. in its nsnal fons, consiate of a 
cake or resin and a metallic plate of oeariv tbe eante sise, 
fiiniisbed with a gl&sg handle. The resia is exeited, and 
its apper surface becomes negative ; tbe plate is laid oa it, 
touched with the finger, and lifted. The negatire elec- 
tricity having escaped, it is charged positivelr by induc- 
tion, and will give a spark. The disc oT metal receives a 
Hale negative electricity by contact; bat as it tonehea 
the reein in but a fen- points, and the latter is a bad con- 
ductor, the principal effect is by indnction. This is a con- 
venient instrament Tor the laboratory ; jais may be chafed 
by it, and gases exploded. 

Mesara. Cornelius & Baker have intioduced nicce«^ll; a oeat 
aod portable form of electrophorus for lighting |;a8-biuiieT>. 

88. Tbe Electrical Hacbme consists of a plate or cylin- 
der of glass, mounted on a shaft, and pressed by felt rob- 
bers. The electricity excited by the ft-iction is collected 
by points and conveyed to an insolated brass cylinder 
with roonded ends, called the prime conductor. The rub- 
bers are attached to a similar negative conductor. As the 
electricity of the rubbers is imparted to the glass, more is 
supplied from the earlb by means of a chain attached to 
them. A small quantity of an amalgam of zinc, tin, and 
mercury is applied to llie rublierB. It greatly adds to the 
efficiency of the niochinw, prolmbly l>y becoming chemi- 
cally changed. 

A cheap iriBoliiiiB inny lj« umdn by canting tbe plate of 
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sulphur. The Hkin of a cat, without amalgam, Bervea to exoito 
iC Red sulphur is made bj heating ordiuaty Bolphur three 
times la an iron vcBSei to a temperature between 482° and 580° 
F., allowing it to cool thoroughly eltet each fusion. — (E. Bbc- 

89. The Leyden Jar consists of a jar coated inside and 
out to within about three inches of the top with tin foil. 
A baked wood stopper is furnished with a rod having a 
chain at its lower end in contact with the inside of the 
jar, and a knob on its upper extremity. When the knob 
ia approached to the prime conductor, a spark passes into 
the jar, and one of the same name will pass to a conductor 
placed near the outer coating. When charged, either the 
inner or outer coating may be touched separately with 
impunity, but on touching' both, a, shock is felt. If a 
jointed rod with a glass handle be used to make the com- 
munication, a vivid spark will be seen, accompanied by a 
enop. By connecting together a number of such jars, a 
la^e amount of electricity may be accumulated, and 
effects approaching those of lightning produced. 

If the jar be inBnlated, but little electricity will pass iuto it, 
aa the teuaion of the inner coating aoon equala that of the prime 
conductor. If, however, the outer coating be in communication 
with the earth, the electrioit; received from the machine by the 
inner coating drivea by induction an equal amount of the seme 
name to the earth, leaving the outer coating negative. Thia 
attracts the + electricity so strongly that it cannot manifest 
itself by its acdon on any outside neutral body, and will not 
produce Bpnrk or ahock (latent oi disffaised electricity). Still, 
the positive electricity is prevented from passing t^) the negative 
by the gloss. If a communication be opened between the coatr 
inga, equilibrium is instantly restored. Owing to the resiatanca 
of the dialectric (85) the attraction of the + and — electricity ia 
not quite aufficient to cause them to hold each other in a pei^ 
feotly quiescent Btat«, and a alight manifestation will be per- 
ceived on touching either coating ; indeed, a jar may be dis- 
charged slowly by alternately touching the coatinge. The thicker 
the glaaa, the more manifest ia this condition of things. The 
electricity resides in the glass ; the nse of the coatings is merely 
to distribute it. 
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Effects ofElectricity.—(l)PHrBiCAL; (3) Chemical; (3) 
Physiological. 

90. (1) The physical effects of electricity of high teneton 
are familiar. The disruptioii of solidB, magnetieation of 
iron, fusion of wires, ignitioa of combustibles, result from 
thunder-stroke. Some of thee© physical effects are indirect, 
being due to the heat developed by the resistance of an 
imperfect conductor. Sparks are seen only in a resisting 
medium, as air; in vacuo there is aimply an ovoidal tuft 
of light passing between the conductors resembling the 
aurora borealia. The colonr of the spark depends upon 
the medium, being blue in nitrogen, crimson in hydrogen, 
and green in carbonic acid. A point giving off + elec- 
tricity presents a distinct brush, a — point simply a small 
star. 

91. (2) Many of the diendcal actions of static electricity 
are indirect, such as the explosion of mixed gases (101). 
Among the direct effects may be mentioned the decompo- 
sition of water, of iodide of potassium, hydrochloric ad^, 
ammonia, and nitrous oxide. Tho oxygen and nitrogen 
of the air unite under the influence of the electric spark, 
forming nitric acid, which is found in rain-water after thun- 
der-storms.* Oxygen is converted into ozone (185). 

92. (3) FhTsiologlcaL — The shock of electricity is fa- 
miliar to all, the spark from the prime conductor produces 
stinging and rupefaction. A person charged on an insu- 
lating stool feels a prickly heat and glow of the skin re- 
sulting in perspiration. Statical electricity is but little 
employed in medicine. 

93. Atmoapherie Electricity. — The electricity of the air 
is nsnally -f-, as may be shown by raising an insulated 
conductor upon a pole and connecting it with a delicate 
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electroacope. The earth ia negative. Clouds, 

rain disturb the electricity of tbe atmosphere in a, marked 



Thimder-stornis arc more frequent in lower Intitudee; 
Ijoyond 70° they are unknown. They are generally con- 
fined to the lower strata of the atmosphere. In eamo 
localities, as California, they are very rare. A cloud 
charged with electricity induces au opposite condition in 
a second cloud, or on the earth. It ie thus attracted (85), 
and when the distance is euch that the tension of the elec- 
tricity (83) caa overcome the resistance of the atmosphere, 
a spark passes accompanied liy thiiuder. This latter phe- 
nomenon is probably due to the noise produced by the rush- 
ing of the atmosphere into the space rendered rare by the 
passage of the spark. Lightning without thunder is due 
to clouds below the horizon, or in the highly rarefied upper 
regions of the atmosphere. When a cloud is of consider- 
able extent, a fiash passing to tbo earth is instantly fol- 
lowed- by one in the opposite direction at its distant end 
(return stroke). 

PrecautionB against Thmider-stroke.— Trees, from their 
height and uoraparatively good conducting power, attract 
lightning ; so with rarefied air, as from barns and chimneys. 
These should be avoided. Gaa and water pipes carry off 
electricity when it has fallen on a building, and thus often 
prevent serious damage. A metallie roof protects a build- 
ing by diffusing the electricity over a large surface, dimio- 
isbing its intensity proportionately, and allowing of its 
escape from the edges and corners of the metal. 

Lightning-rods should be buried sufficiently deep to be 
always in moitit earth or charcoal, or connected with a gas 
or water pipe. They are apt to rust off at the surface of tbe 
ground ; a zinc ball or cylinder will protect from this for a 
long time (165). Copper in the Iwst material, being about 
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tlmio limea as good a conductor as iron, and lesa liable to ' 
corroUii. The point is tipped with platiuum, gold, or 
ver ; the first ia commonly used, but is apt to bo defective 
from imporftet welding. Perhaps the beat point ia that 
of Dr. Hare, consisting of a aolid copper point imbedded 
in a zinc ball, into which are alao inserted pointed copper 
wires, forming a brush. The rod should be continuous 
and solid, as when electricity is being quietly carried off it 
is of low tension and passes through the body of the rod. i 
Insulators are unnecessary. Large masses of metal in « I 
building should be connected with the rod to avoid the 1 
litleral stroke. 

Treatment after Thunderstroke.— The patient should be \ 
Mtri|)peil, freely alTused with cold water, alternating with 
brisk frictions. Any subsequent symptoms to be treated 
pro re nala. 
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!I4. Elementaiy Phenomena. — If a plate of pure or 
amalgamated (07) zinc, and one of copper, be plunged into 
water acidulated with sulphuric acid, no action will be 
noticed. By delicate instruments it will be found that 
the lower portion of the zinc ia positive, and that of the 
copptT negative, while the portions above the liquid, or 
wires connected therewith, will be of an opposite polarity. 
By combining a large number of such cups, shocks may 
be felt, and feeble sparks aeen. If now the plates be con- 
nected by a wire, or by touching their upper edgea, all 
signs of electrical excitement cease, bubbles of hydrogen 
arise from the surface of the copper plate, while the zinc i 
is gradually dissolved; no gas, however, is seen on its ' 
surface. The copper plate remains bright and uncorroded. J 
as long as any zinc is present The connecting wire rises J 
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in tomperatiire, and is fouud to deflect tLo niaguetic 
needle, and to cause magnetism in a rod of soft iron, if 
coiled around it. If the ends of the wire be tipped with 
platinum, and plunged into acidulated water, the latter is 
decomposed, osygen arising at the end of the wrro con- 
nected with the copper plat^-, and hydrogen fi'om the o(hpr. 
The electricity passes tiom the tJDC (positiTe) to tho 
copper (negative) in the liquid, and from the copper to 
the sine out of it, thus forming the simple voltaic cironit. 
The portions of the pl»t<;fi out of the liquid are termed 
poUg or eUctrodei, and their polwity ia Uie reverse of 
that of the plates, the positive pele being on the copper, 
and the negative pole on the? zinc. Tbe liquid ia termed 
tbe eleclrolyte, and must be capable of conducting elec- 
tricity, and of being decomposed by it 

The above experiment constitutes a eingle case uf a very 
extended Beri«a of phenomena. We n>nj have a lingle plate 
and two distinct fluida ; we may reverse the direction of the 
current bv reverting tbe ehemiu^ action. The general fact ii, 
that all chemical action is attended bj the development of ao 
equivalent quantity of electricity ; the course of the eleetricitj 
beiug within the electrolyte from the body most acted on to the 
other. 

95. Theoretical Conalderations. — The explanation of the 
foregoing phenomena usually accepted may be briefly 
stated as follows, taking water as the electrolyte, and 
zinc and platinum as the plates. Zinc and oxygen tend 
to combine ; hydrogen will not unite with Bine. When the 
plates are introduced, without touching, a polarisation 
(85) takes place, the atoms of oxygen turning towards 
the zinc, which at the same time becomes positive, while 
the platinum becomes negative by induction (Fig. 13). 
TTpon making contact between the two metals, electrical 
equilibrium is instantly restored throughout tbe whole 
polar chain. At the same time the oxygon mites with 
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the zinc, forming a particle of oxide of zinc, ZnO, which 
uiiiteB with the acid; the hydrogen thus set free doeB not 
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pass oCT, but unites with the oxygen of the next molecule; 
and 60 through the whole polar chain, the last+hydrogen 
IB attracted by the negative platinum, but not being 
cfljiable of combining with it, is set free (Fig, 14). This 
action is repeated until nil the zinc ia consumed. As the 
electrical equilibrium is restored as fast as it is disturbed, 
it is obvious that in such an arrangement no evidences of 
electrical tension (83) can be observed. It may be com- 
pared to an ordinary electrical machine, in which the 
prime conductor and rubber are connected by a wire. 
The same amount of electricity is developed by turning 
the plate as when the prime conductor is insulated, but 
equilibrium being instantly restored, no sparks or shocks 
can be perceived. 

The above esplanatinn is imperfect Id some respects, and phy- 
ftiotana are not yet decided upon the theory of the voltaic circuit. 
Faraday regards the obemical change as the cause, SchSnhein as 
the effect of the aolion. 

96. Quantity and Intensity. — Thof;e lorms are much 
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employed in speaking of voltaic arraQgements and phe- 
nomena, yet it ie difficult at first to get a, clear idea of 
tbeir meaning. An illustration drawn from tbe subject of 
heat may aid the student A grain of platinum wire 
heated to intense whiteness, if plunged into a pint of 
water at 40° F., would only raise its temperature about 
,>S of a degree ; its quantUy of beat is therefore small, 
while its intetisity is great. Ten pints of warm water, in 
which the hand may be comfortably immersed, would raise 
the same to about 94° F., or 54°; yet, although the quan- 
tity of heat is relatively much greater, its intensity is 
leas, and by no known means can we convert heat of low 
into that of higfa intensity. 

Electricity of email quantity and great tension gives 
sparks and shocks, and can overleap obstacles. Electric- 
ity of quantity and low intensity develops much beat, mt^- 
netieea poweriiilly, and causes a proportionately greater 
amount of chemical decoraposition. The former is charac- 
teristic of the machine electricity, the latter of the voltaic 
or current electricity. The method of arranging voltaic 
cells in order to attain the maximum effect will be con- 
Bidered hereafter (99). 

Faraday and Becqaere! have shown byaotaal eipcriment that 
the quantity of eleotricitj developed during the decomposition of 
a single drop of water equals that of a coated surface of Loyden 
jar of 32 acres, or that of a powerful flash of ligbtnin;; ; yet so 
feeble is ite inteniity, that it could not pass throuj^h a film of air 
the rn'ff of an inch in thickness. 

9T. ResistanceB and Defects. — These may be stated as 
(1) Imperfect conduction, (2) Adhesion of hydrogen to the 
negative plate, (3) Local action. 

(1) Imperfect Cosdaction. — The electrolyte opposes 
resistance depending on its nature, and increasing with 
the distance between tbe plates. The plates themselves 
are imperfect conductors, and so arc the connecting wires; 
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the resiatance of a wire being directly as Us length, aiu 
inversely ae the area of its croBs section. We ehouldt 
therefore use thick plates, place them as near togetht 
possible, and make the coimectious with short and thielt 
copper wires or ribbands. 

(2) Adhesion of Hydrogen. — In the arrangement before 
described the hydrogen arising from the negative plau, 
adheres in bubbles, and thus cuts off a large portion of itar 
surface; the gas also acta by reason of its electro-ponlive^ 
character (164) to diminish the difference of electrical conv« 
dition of the two plates upon which the voltaic actioitr 
depends. It adheres less to rough surfaces, and may bO') 
chemically consumed or burned (98). 

(3) Local Action. — Commercial zinc contains other 
metals, as lead, tin, cadmium, also carbon. These act as. 
email negativB plates, causing circuits to be sot up on the> 
eurfaeo of the zinc, eating it into hole^, and injuring the* 
action of the coll. It Is prevented by amalgamation; the 
zinu ti watthed with dilute sulphuric acid, and plunged into 
mercury— the deeper the Ijottep, — or mercury is rubbedc 
ov«r It. The action of the mercury is not clearly under-i 
stood, 

98. Forms of Voltaic Cella. — Volla'a original pile con- 
sisted of discs of copper, zinc, and cloth moistened with ' 
dilute acid or a solution of common salt; the arrangement ' 
being copper, cloth, zinc. A sufficient number of these' 
were arranged in a pile or column, the terminal zinc and 
copper provided with wires, and the whole insulated. The 
electroscope shows the zinc end to be positive, and the 
copper negative. On touching tho ends, a slight shock is 
felt, and a spark is seen on breaking contact of the 
The wires immersed in acidulated water cause its decom- 
posHlon. The pile has been compared to a Leyd( 
captiblp of recharging itpclf indefinitely. Thiw apparatni 
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19 ioteresting, fts showiDg tho identity of fVicUonal aiid vol- 
taic electricity. 

(1) Single Fluid Batteries. — Tarious forms have been 
employed; the principle being, however, the Bame in all. 
Plates of zinc aad copper are alternately connected, and to 
tbe terminal plates wires are attached ; the plates are im- 
mersed in dilute salpburic acid, or other electrolyte. Ono 
of the most convenient, where many platca aro used, is 
that of Dr. Hare, where two troughs are arranged at right 
angles; in one are the plates, in the other the acid; hy 
turning a crank attached to a shaft supporting the troughs, 
the liquid is thrown off or on the plates. They arc not 
now often employed. Smee'a cell confliets of two zinc 
plates, and between them, but insulated by baked wood, ia 
a pUte of silver coated with finely divided platinum, to 
roughen it Dilute sulphuric acid, 1 part to 10 of wat«r, is 
used as the electrolyte. Tho roughness of the negative plate 
prevents to a groat extent the adhesion of the hydrogen. 
It is a convenient arrangement, much used in electro-plat- 
ing, telegraphs, and far exciting the induction coils known 
as electro-magnetic machines. In the sulphate of copper 
cell a solution of blue vitriol is used as the exciting fluid. 
No hydrogen escapes from the negative plate, as it is con- 
sumed by the oxygen of the oxide of copper, sulphuric 
acid being set free to act upon the zinc, and metallic cop- 
per deposited on the negative plate. The reaction may be 
thus expressed: Zn-t-CuO,SO,-|-nHO=ZnO,SO,-f-iinO-f- 
Cu. This form is rarely used, as the copper deposits on the 
zinc on account of local action, and the sulphate of zinc 
formed is decomposed by the current, and zinc is deposited 
upon the copper. If employed, both plates should be well 
scrubbed after each immersion. 

{3)Double Fluid Batteries. — These have a different liquid 
for the positive and for the negative plate, the two Iteing 
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separated hy & porous oell, which allows of the traiiHmi&- 
sion of the electrical effect, but preveDls to any consider- 
able extent the admixture of the liquids. DanieWs Constant 
BaUery oonsiMB of plates, generally concentric cylinders, of 
Kinc and copper. Next to the copper is a aaturated solu- 
tion of sulphate of copper, then a [wrous cell, and iu con- 
tact with the zinc, dilate sulphuric acid. TbV action is 
essentially the same as in the cell last described, but the 
porous cell prcventB the contact of the copper eolutioa 
with the Einc, and thus avoids the deposition of that 
metal on the positive plate, and (ice versa. The reactioa 
may be expressed thus: 0nO,8Oa+ HO,SO,-f- Zn = ZnO, 
SOj-l-HO.SOj+Cu. The sulphuric acid set free during the 
reaction, paaaes through the porous cell and mwntaiDe a 
uniform chemical action on the zinc. This battery is con- 
stant for days, and is largely used where great intensity 
is not required. The liquids however will gradually mix 
by osmose (133), rendering it necessary after a time to 
clean the zinc plate. Grave's consists of a zinc and pla~ 
linum plate separated by a porous cell ; the zinc is excited 
by dilute sulphuric acid ; next to the platinum is concen- 
trated nitric acid. The hydrogen is consumed by the 
oxygen of the nitric acid at the surface of the negative 
plate. The reaction may be given as Zn+HO,SO,+HO, 
N06=ZnO,80,+2HO-fNO,. The force of a Voltaic circuit 
18 cmleris paribus equal to the amount of chemical action 
at the surface of the positive plate, less that necessary to 
effect the deeorapositions. The last atom of oxygen of 
nitric acid ia loosely combined and readily unites with 
the hydrogen of the electrolyte. Nitric acid batteries are 
therefore the most intense known. 

Id Bunten's cell dnnse carbon is substitated fur platinum; 
these are much cheaper than the laat, but more troubleaomo and 
lees intense, A solutiou of bichromate of potasna 1 lb., sulphuric 
acid 2) lbs., and water 1 gall., is advaiiti^eously substituted for 
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u'ltrio acid in Bunsea'a battery, no fumas being giyen off. 
Chramic a«id is liberated and jrields its oxjgen to burn the hj- 
drogon, depMiting green Heequioxide of ohromium CrjOs- In 
the Maynooih batter; iron replaces platinum, becoming paative 
in atrone nitric, acid. Thia ia a cheap and intense combiuatiDn, 
but troublesome to manage. 

99. Combinatioii of Cells, Electro-motive Force.— Prop- 
erly speaking, the term battery is applied to a. collection 
of cells or elements united. It is frequently used to sig- 
nify a. form of cell. It must bo borne in mifld that tlie 
chemical and electrical effects in any voltaic circuit ore 
equivalent and mutually dependent ; whatever retards one 
diminishes the other. The greater the resistance to the 
passage of electricity, the less the amount of chemical 
action, and the leas the quantity of electricity developed. 
Therefore by diminishing resistance, or by increasiDg in- 
leneiti/, the quantity of electricity from a given positive 
surface wUl be proportionately increased. To increase in- 
tensity, a number of cells are employed, the zinc of one 
connected with the copper of the next, as in Yotta's pile. 
Here each cell gives a new impalse to the current; but 
as the quantity developed depends upon the size of the 
plate or the number of polar chains (95), increasing the 
number of cells in this way only indirectly increases the 
quantity developed by augmenting intensity, and thus 
overcoming reaistanoes. This combination of quantity and 
intensity is termed electro-motive force. The maximum 
effect is found to bo produced (Ohm's law) when the resist- 
ance in the closing arc and that in the battery are equal. 

hid 
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The product of quantity by intensity 
a pair of platea of 100 aquarB inchea of aurface, we might dedig- 
nate the quantitv by 100 and the intensity by 1. If ' " ' 



it them al 



e hundred platea of 1 inob aquare, a 
nately, copper and zinc, the quantity ii 

k amount, or 1, while the intensity is 100. 
connecting all the »ino plates together, and aimUarly all the 
coppers, we hare the same effect as in the two original plates. 
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tnohea each, if n , 

iron b; meanB of a ^hort thick wire, we ehould probably attain 
Uie maximum mugnetio effect bj uaing the two aingfe large 
plates, as here quaotitv, not intonatty, is required. If iro plunge 
the wires of such a cell into acidulated water, no decomposition 
will lake place; there is not iDtensit; enough to traverse the 
electrolyte ; cut each plate into two of 500 square inches, and 
join them oomecutiyely, deoompoBition will begin, but by cot- 
ting each into four of 250 square inches, we should probably 
get the maximum effect. Although the amount of water decom- 
posed depends upon the qnantity of electricity passing, we have 
gained by diminishing surface to one-fourth, in order to quad- 
ruple inteit^ity. 

100. Effects of Voltaic Electricity. — 1. Phyaical; 2. 

Chemical; 3. Physiological. — I. Physical. Deflagration. 
Whea electricity ia resisted, it develops heat. The 
amount of heat developed ia directly as the resistance, 
multiplied by the square of the intensity of the current* 
By passing a powerful current through thin metallic 
wires, they are heated, fiiaed, or burned. This fact is 
applied to submarine blasting, etc. When the current 
passes between carbon poles which are touched and then 
separated, an arch of flame passes, the carbon becomes 
white-hot, is softened, and carried over from the positive 
to the negative pole. The light is intense (electric light), 
and the heat the highest attainable by artificial means. 
The phenomena are observed in vacuo or in a neutral 
gas. 

101. ElectnhHagnetism. — If a current be transmitted 
from north to south above a compass-needle, or from south 
to north below it, tho north pole will deflect to the east, 
and remain in a position due to the combined deflecting 
power of the current and directive tendency of the eaith'a 
magnetism. If the direction of the current be reversed, 
the deflection will also be reversed. By increasing the 

• De ixA Rive, Tr-iU trElMlHclif, L II., p. 177 
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number of turns of the wire ftronnd thp needle, the effect 
is correspondingly increased, less the retardation of the 
current due to the increased length of wire. By using an 
astatic needle (li), one bar being placed within the coil 
and one above it, a very delicate index of the direction 
and the force of currents is obtained. This ia called the 
Oalvanometer. The poles of the magnet, moreover, tend 
to revolve around the wire, but in opposite directions ; uo 
such rotation is Been, therefore, unless the current is al- 
lowed to affect but one pole at a time. When the current 
paSBQa in the direction from the face to the back of a 
watch, the north pole will rotate in the direction of the 
Iiands (righi-Iianded rotation), and vice ivrm. If the wire 
he free to move and the magnet stationary, the wire will 
revolve. 

102. Ampere's Theory, — Ampere supposed that in a 
permanent magnet each particle might be considered as 
surrounded by a constantly circulating current of elec- 
tricity ; the effect would be the same as of that of all these 
currents united, and passing around the magnet ; the direc- 
tion of the current is right-handed when wo look at the south 
pole. Wires carrying parallel currents in the same direc- 
tions mutually attract; when the currents are in opposite 
directions they repel. Wires carrying currents in the 
same direction, but not parallel, tend to become so. These 
facts may bo shown by experiment, A consideration of the 
foregoing will render clear the whole phenomena of elec- 
tro-magnetism. 

Fi);. 15 repregeoU a model devieed by the authnr for rendering 
clear these aiimewhat difficult pointR. N S represent! ft perma- 
nent magnet; A, a liiao of tin with an arrow eiit out of it, rn- 
prcnentB the direoUon of Ampiro'H snpposed current, and will 
serve to Rhow tho difference between tlio right- and left-haiidfld 
rotation and the oppogite polnrity of the front and back of a 
rent (103). A wire, B, aupmwd tn carry a eorront, p»—- ' 
" - 8 ,iWo <Uo needle, n- ' " - " '■"'™ '•■ ■• »- 
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5 thai when the N. pole of the needle t 

parallel. (Fig. 10.) 





103. Circular Cnrrents Uagnetlc. — If a piece of wire 
be bent into a circle, or, better, coiled into a helix (like r 
corkscrew), and have soldered to it.s ends a small plate 
of zinc and one of copper, and be floated on the surface 
of acidulated water, it wiil be found to arrange itself in 
the magnetic meridian, and to be attracted and repelled 
by the magnet {De la Rim^a ring). In any case, if the 
current be circulating in the direction of the hands of a 
watch, the north pole will be towards the back of the 
watch, and vice versa. Henctf one side of the wire has 
N., and the other S. polarity. 

Bogei'x Oacitlating Helix shnws this fact in a striking manner. 
A helii of tolerably fine wire is faetened W a support, and con- 
nected with one pole of a battery; the other polo is in contact 
with a cup of mercury, into which the lower end of the licHi 
dips. This completes the circuit. An the upper and lower sidpR 
of the ooila of the helix have oppOBtte polarity, thev miitunllj 
attract. Thia ehortena the helix, and the point is raised out of 
the mercury. The current it thus interrupted, the magnetic 
polarity ceases, and the point of the wire falls again into the 
mercury. A cDnntant oscillation is thus maintained. The intro- 
duction of a permanent magnet cnases a more rapid contraction, 

104, Electro-Magnets. — ^By coiling wire around soft 
iron, powerful temporary raagnetn may be produced. The 
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magnetism continues bo long aa the current continues to 
flow, and ceases when it is interrupted. Magnets on thia 
principle have been made to support a ton, and to show 
that all bodies arc more or Icbs influenced by the mag- 
net (11). 

When the quantity of electricity is more than Bufficient, the 
magnetiitm of tlie bar does not cease upon its interruption, but 
the armatare adheres with a slight force. If, however, a thin 
piece of braaa or paper be placed between the magnet and arma- 
ture, no such residual magnetism is noticed. It ioBtantly ceaeea 
when the keeper is forciblj removed, after breaking tbe circuit. 
If a coneiderabte length of wire be coiled bo as to form a thick 
helix, a bar of soft iron will be drawn up into its ceotrc or core, 
nnd there remain suapended without any apparent means of sup- 
port. (Axial Magnetism.) 

105. Applications of Electro-Magnets, — Engines hare 
been constructed to be moved by electricity. Apart from 
other considerations, the cost of the zinc necessarj' to pro- 
duce a certain mechanical eOect, compared with ordinary 
fuel, forbids the expectation of their useful employment. 

Uagnetic Tel^^apIlS. — As there is no practical limit to 
the distance to which electricity may be transmitted 
tfaroDgh a good conductor, and as a current of electricity 
will induce magnetism in a core of soft iron which may 
be discharged at pleasure, it is obvious that we can, by 
causing the armature of the magnet to make signals, com- 
municate tbfough indefinite distances. To make and 
break the circuit with ease, a key is used by which two 
ends of the wire are ijresEed together easily. Aa the cur- 
rent becomes very feeble from the resistance of the long 
conducting wire, a relai/ or receiving magnet is used. In 
thia the current from the distant station passes around a 
delicatfl electro-magnet, the armature of which is allowed 
the least possible quantity of play. This acts as the key 
to a local battery close at hand, which works the recording 
apparatus. The signals may he arbitrary, by strokes of a 
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bell, or by a mural alpbalMrt of dots, dasbes, and epaces 
(Morse), or by exceedingly ingenioua artnngeoieats the 
meseage may be printed (Hoiiae, Hughes), or even sent 
autographically {Cbeniical Telegraph). It is iniposgible 
to enter into details here. 



iwiDg sketch will s 



o j^ve the Btudent a rough 




A, niaia line battery; B, signal key; C, main line wire; P, 

ground wires; E, ground plates; Y, relay; G, its armature; 
[, one end of wire of local circuit, the other being attached to 
the armatufe of the relay magnet; — when the ar mature is drawn 
to the magnet, thesa ends are brought in contact,' and the toaal 
circuit incompleted; — I, local battery; E, recording magnet, 
which, when the current passes, draws its armature, L, which 
presses the point, P, against a fillet of paper passing over Uie 
roller, R. The recording apparatus is not necessary. A good, 
operator will be able to read the Morse nlphaheb by the sound 
of the clicking of the relay. A single wire only is employed, 
llio circuit being completed through the earth by means of the 
ground plates. 

Magnetometers. — Aa the quantity of magnetism de- 
veloped is proportionate to that of the electricity passing 
(up to the point of saturation), electro-magnets are used 
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to measure currents of considerable power by noticing the 
weight necessary to detach the armature. 

106. ^dnced Cuirents. — If a tolerably long wire be 
connected with a cell or battery, no spark will be seen oh 
making the connection; but on breaking it, a vi^^id spark 
will be visible, which will be greater in proportion to the 
length of the wire and the power of the cell, up to a cer- 
tain point ; at the same time a slight shock will be felt. 
This is the extra currcnl of Faraday, and probably de- 
pends upon the disturbance of the normal electricity of the 
wire by the current of low intensity passing through it. 
Its direction ia opposite to that of the battery or primanj 
current. The two may bo separated by coiling the wire 
from the battery (primary wire) and placing a second 
.similar coil (secondary coil) parallel to it, but insulated 
from it ; (ribbands are better than wives.) On making con- 
tact with the battery, a feeble shock is felt on grasping the 
ends of the secondary wire, but on breaking it the shock is 
marked and sparks may be olttained. In this ease hut 
little extra current is noticed in the primary wire. By 
continning'the experim*^nt, currents of decreasing intensity 
may be induced in a third, fourth, and as far as a ninth 
coil or spiral; in every case the current induced is mo- 
mentary, and in a direction oppo.'fite to that of the inducing 

\Vc have thus a means of obtaining electricity of 
tension by means of the voltaic current. 

107. Electro-Magnetio Machines, — Under this name in- 
duction coils are sold and much used in medicine. Their 
construction is simple. Around a spool is wound a short 

e wire wrapped with silk, to insulate its turns. Out- 
side of this is wound a long fine wire similarly wrapped. 
The inner (primary) wire is connected with the cell; to 
the outer one are attached convenient handles for commu- 
nicating the shock. The circuit in the primary wii-e is 
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broken by any suitable means, aa by dr&wing it over a 
rasp, or by the automatic break described below. On eacb 
contact and break a current is induced in the secondary 
wire; that produced on the break being much more in- 
tense. Thefse to and fro currents are felt upon grasping 
tlie handles. A bundle of soft iron wires introduced into 
the primary coils increases the shock by becoming niag- 
uetic (electro-magnetism [111] ); by withdrawing them 
gradually, the shocks may be reduced. 

It may ba well for the student clearly to understand the auto- 
matic break-piece aUached to the apparatus usually sold, as it 
often requirea ai^usCment. 




The wire, A, Fig. 19, from the battery is fastened to a binding 
aerew, H, whence a wire pnaaea to the metallic post, B, which 
has on it a point, C, tipped with platinum. This rests against a 
Vlatinum spring, D, which cames at its top a piece of soft iron. 
From thelowerpartof the spring the primary wire parses around 
the small electro-magnet, E, and blienoe to its coil and hock to 
the hntterv. On making connection, the current passos through 
the post I), spring A, and around the clectru-magnet E. This 
then attracts its keeper, and draws the spring away from thn 
point C. The cirouit is thus broken, the spring flies back and 
instantly renews it. This takes place many times in a second, 
producing a peculiar liummirg. The point C is niljustahle by 
means of a vcrew. 
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108. The Rahmkorff OoU is siDiply a large apparatus, 
Bimilar to the one deacribed. The external wire in one 
recently made by Ritchie is forty miles long. It is pro- 
vided with a large surface of tiu foil packed in the base, to 
distribute and weaken the extra currertl (106). The elec- 
tricity flows in but one direction, as the induced current 
set up on making tho primary conniiction i» too feeble to 
travel tho whole length of the outur coil, Ky moans ot 
this apparatus sparks of eighteen inches in length may 
he obtained in rapid succession, and all thd phenomena 
of statical electricity shown with a splendour before un- 
known. 

Although the name of Ruhmkorff is attached to this appa- 
ratug, the credit belongs mostly to otbera. Prof. Ileary inves- 
tigated the phenomena of induced currents. Faraday invented 
(he ooDcentrio coilR; De la Rive the autamatio break-circuit; 
Fiieau the oondenser. In Ruhmkorff''B original cuil he obtained 
n spark (if one inub. After FiKcau's improvement, Hearder, hy 
more careful insulation, reached three inchea. Mr. E. S. Hitchie, 
of BoHton. by a new method of winding and inauhitiun, arrived 
at the eigbteen-inch spark above meationed. 

109. Chemical Efl^cts of the Voltaic Current— These 
will be considered under tho head of Chbmioal Decom- 
position (162). 

110. Physiological Effects.— These vary with the 
strength and direction of the current and the mode of its 
application. A moderate current produces contractions, 
when sent in the direction of the distribution of a nerve 
of general sense, and pain, and sometimes paralysis when 
reversed. The phenomena are noticed only upon making 
and breaking the circuit, but it is by no means certain that 
tho influence of the current is not exerted during the whole 
time of its flow. Nerves of special sense, except the olfac- 
tory, are excited so as to give rise to tho sensations 
proper to ttiem. The muscles nmy lie excited tiy passing 
currnnlfl of considerable intensity nrrn.i.a them. indcpiMident 



80 MEDICAL CDEHtSTBT. 

of tbe direction of the nerve fibres; and when tbe nerrosW 
are paralysed, the muscles sometimes still contract nndeCS 
sncb influence. The secreting organs and absorbents & 
stiranlated by electricity ; the blood is coagulated aronnd "j 
tbe positive, and rendered more fluid around the negative' 
pole. Chemical substances can probably be introduced 
into the system or removed from it by the same agent. 
For tbe medical applications of tloctricity, see (117). 



MAGNETO-ELECTRICm. 

in. Aa a current will induce magnetism; so, recipro-'1 
cally, a magnet will induce an equivalent amount of eleo- J 
tricity. If wo introduce into a coil of wire tbe pole of a ] 
permanent magnet, a galvanometer will show tbe preeence [ 
of a momentaTtf current in the wire, the direction depend- | 
ing upon the name of the pole introduced. 

113. Magnetofllectric Machines.— Opposite the polee of 

a powerful horso-shoe magnet are placed two soft iron 
armatures, wrapped with insulated wire; they are so 
arranged as to bo rapidly rotated by means of a multiply- 
ing wheel. Tbe keepers beeooic magnetic by indnctiOQ, 
the electricity induced by them in the wires is conveyed 
to handles, and may give rise to sparks, shocks, and de- 
compositions. The currents being to and fro, are thrown 
into tbe same direction by moans of a commutator or pole 
changer. 

Ab powerful magnets ore produced by comparatively feeble 
currents, so they nre required to give satisfaeWry reaulte in the 
apparatus above named.* Aa no bntteries are required, aud the 

• By iiBing tha lOBgnetn-eleptfio current, ua tbe primary. In axettc ■ 
powerful eleolru-iuiLgneC, odiI u^ing Ibis Bgain as a Buuroo vf olectrielty, 
Mr. Wilde has oblninod an electrio arch having thres times tho aatiiiKi 
pnwei of tbe 8un. It is mnnifuat that (ho meohanlcal fnrce required to ' 
tiimlhennebino \t here <?nnvertod IdIq electricity.— l7*rM. N^a,, Nob. 339, 
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rotatim Duj be performed b^ miicliiuery, attemote have been 
mtuie to use iiiBgoeto-elDctricit;^ in tclegrsiphg, cWtro-p latin);, 
and electric light, but with partial aucccas. Fur medical use tho 
absence of an exciting cell certainly constituteii an advantage, 
counterbalaDcod bon'evBr by the cojnparativelj leobla current, 
and the labour required to prodnce the rotation. 
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113. As any obstruction to the pas^ge of electricity 
develops beat, bo an obstruction to tho passage of heat in 
a couduetiag circuit dovelopa electricity. If au honjoge- 
neoua, atraight, short wire bo CDHD^CtDd with a eeositivo 
gulranometer, and heated, no evidence of electrical current 
will be obtained. If, however, it be bent qr twisted, its 
molecular tension at that point iB altered, and on heating 
it the needte will be deflected. 

If two dissimilar metals be joined, and the junction 
heated, electricity will pass. This phenomenon is most 
manifest in metals of a highly crystalline structure, and 
which are poor conductors. The order of the metals in 
the thermo-electric series bear no relation to their position 
in the voltaic pile, nor can jt be certainly connected with 
their properties as regards heat or other force. The fol- 
lowing is a list of some of the most important, beginning 
with the mo^t positive: Bismuth, platinum, lead, tin, cop- 
per, gold, silver, zinc, iron, antimony. The alloy German 
silver is highly positive. The thermo-electric position of 
alloys is not a mean of that of their constituents. 

114. ThermoMultlplier.— By arranging a large number 
of bars in a pile, heating one series of junctions, and keeping 
tho others cool, a battery may be formed capable of mag- 
netising large bars; by connecting a similar arrangement 

■ with a galvanometer (101), we have a means of measuring 

■ temperature far more delicate than any thermometer. 
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The method of a 



Fig. 19. 



the adjoining fifrure. TH*"' 




I non-conducting 
I The instTument mads bv 
I Mr.Wejnint for tho Phila- 
I delphia High School, will 
|ehowtbeheatfrom theftMw 
1 obserrer at the dis- 
B of eight feet,* and 
I dietinctlj that of a Qj 
crawling over the pile. 
M. Marcuaf had prapciaed 
I a pile of allojR, the pogi- 
'ive being, copper 10, sine 
i, nickel 6; the negative, 
I antimony 12, zinc 5, bie- 
I mnth 1. This will beer 
I a high temperatur 
all the effects of tbe ordi- _ 
nary voltaic combination tnay be obtained. 

115. Heat and Cold by Electricity- — Bypassing a current' 
of low intensity through the connecting wire, one end of the 
pile becomes heated and the other cooled ; the amount 
of difference of temperature being equivalent to that re- 
quired to produce a corresponding current, making allow* 
ance for the heat developed by the reaistanee of the con- 
ductors. 

Electricity of Crystals, etc. — Certain crystals when 
boated develop electricity, one extremity becoming the 
other. On clearing crystals of mica, breaking metala, as 
zinc, or other bodies, as sugar, light is seen and electricity 
manifested. In fact, it may be stated that no molecular 
change can take place in matter unattended by electrical 
disturbance. 

116. Animal Electricity. — 1. Statical. — Certain fishes^ 
as the elecirical ray and the Surinam eel, have the power 
of giving electrical shocks at will. The electricity being 

• JoHn,-,l Fi-anHiu fnnlilulf, Aug., 1855. f C**"- ^'Kt, No. 388. 
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collected by the condenser and Leyden jar, is found to 
exhibit all the phenomena of that derived from ordinary 
physical sources. The two extremities or aides of the 
animal are of opposite polarity; the head of the eel and 
the top of the toipedo being positive. The electricity of 
the eel is more intense than that of the torpedo. After 
repeated discharges, the fish becomes exhausted and harm- 
less until allowed rest and food. The electrical organ 
consists of a series of small membranous tulws, which in 
the torpedo are arranged perpendicularly to the back, and 
in the eel longitudinally. These tubes are packed regu- 
]arly together, forming hexagcual columns. Each of the 
tubes is minutely subdivided by membranous diaphragms 
forming cells which contain a mucous fluid ; these again 
are traversed by a fringe of nerve filaments coming from 
the 8th pair. If communication with the brain he cut off, 
no electricity is developed. 

2. Dynamioal. — The existence of voltaic currents in the 
animal body has been demonstrated by numerous experi- 
ments. Matteucci constructed a pile of mnsclea of recently 
killed fi^ogs and pigeons by which he was enabled to 
deflect the galvanometer as much as 10°, and to decom- 
pose iodide of potassium.* The following are some of the 
more important facts. 1. Tlie poles of a galvanometer 
applied to different surfaces give evidence of the passage 
of a current, as between the skin and mucous membranes. 

12. There are normal electrical currents existing in muscles 
and nerves which are temporarily diminished upon the 
contraction of the former or the sudden action of the 
latter. 3. All the organs of the body exhibit electrical 
currents when they have been divided and the normal 
surface and the surface of the section arc brought into 
contacl. The direction of the current in nen-es and 
" Dr i.i Hive, Triflif d'fJheini^ilt. tome III. r- "2. 
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muscles is from without to within. The electro-mo- 
tive power lasts after death as long as the excitability 
of tiie nervous and muscular fibres. 

117- Medical AppUoations of Electricity. — These are 
becoming more numerous as the subject is better ander- 
Htood. Among the cases in which it haa been successfully - 
applied may be meotioued, paralysis, rheumatism, indura- 
tionB, certain tumours, constipation, eruptions of the skin, 
amimorrhcea, aneurism, and suspended aniuallon. There 
is considerable diversity in the methods of application, 
and some discordance iu the testimony as to their relative 
value. The following are the most important: 1. The 
direct current, which may be continuoaa, as in the ease of 
tncurism; or interrupted, aa generally used. Complete 
interruption is not necessary, as by altering the pressure 
on the electrodes a variation in the intensity of the cnr- 
rent is produced — the waoy or labile current. Any of the 
voltaic colls heretofore described may be used. Pulver- 
niacbor's chain consists of a number of zinc and brass 
wires, BO arranged as to form, when dipped in vinegar, a 
flexible voltaic pile of some intensity. It is rarely used. 
The interruption may be by hand, by clook-work, or, as in 
Kmith'H apparatus, automatic. 3, The esrlra current (106) 
ban more intensity than the primary current, and is defi- 
nite in its direction. It is given by the machines of 
Ducihbne, Kidder, Chester, Ilall, etc. 3. The secondary 
or Induced current, obtained from the induction coil (127), 
nr mngnotoKilectric machine. The former is lo and fro, 
I thit latter definite in direction. These are the most intense 
I currents, and thosii most generally used. They are some- 
I times termed faradaic currents, and their application 
I faradUiUion. For the details of the methods of apply- 
I ing these currents in various cases, the student is referred 
K to the worlcH on nicilical electricity. 
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CORRELATION AND CONSERVATION OP FORCE. 

118. As tLorc is uo destruction of matter, nor is it now 
created, so force is never lost, nor does it now originate. 
Tlie nniverse gives us no example of rest, and there ia 
reason to believe that even the molecales of matter, when 
apparently at rest, are iu a constant state of motion or 
vibration, and that these vibrations give us the variona 
phenomena of the physical forces. We may include the 
modifications of force under the heads of gravitation, light, 
heat, electricity, magnetism, chemical affinity, and vital 
force. How these are connected will be evident from a. 
few examples. 

Gravitation produces motion, as in falling bodies. Mo- 
tion, when arrested, develops heat (friction, percussion), or 
electricity (90). It also promotes chemical affinity, as in the 
synthesis of alcohol (144); and decomposition, as in the 
explosion of chloride of nitrogen. It may be produced by 
heat (expansion, etc.), electricity (pi th-halle), magnetism 
(magnetic toys), chemical affinity (indirectly), and the 
vital force. The fact that heat and motion are mathemati- 
cally equivalent has been shown (35). 

Light produces chemical change (the growth of trees), 
and perhaps magnetism. 

Heat produces motion, light, electricity, and it affects 
magnetism. Magnetism is destroyed by a red heat, and 
bars may be magnetised by heating to redness and sad- 
denly cooling them while tliey are in the plane of the 
magnetic meridian. Heut causes chemical combination 
(mixed oxygen and hydrogen), and decomposition (gun- 
powder). It is essential to animal and vegetable exist- 
ence. 

Electricity produces motion, light, boat, magnetism, 
and causes various physiological phenomena. 



86 MEDICAL CUEMI8TRY. 

Magnetism develops motion and electricity (hj the aid 
of motion), and thus indirectly the other phenomena. 

Chemical aflSnity develops electricity (galvanism), light, 
heat (deflagrations), and indirectly motion. It is the 
source of vital heat, and probably of all vital function. 

The vital force (if it be a distinct force) develops 
directly and indirectly the others named. It is due to 
chemical change constantly going on in the organism. 
In drawing a match, the vital force produces motion, 
which, being resisted by friction, is converted into heat, 
which develops the affinity between the combustible of 
the match and the oxygen of the air. Combination en- 
sues ; the match burns ; heat is developed by the combi- 
nation, light by the heat, and electricity and magnetism 
might be produced by the agency of a thermo-pile. 



PART II. 

PRINCIPLES OF CHEMISTRY. 



MOLECULAR FORCES 

Are those which act only at insensible distances ; they 
may be divided into : — 

I. GoHEBioN, the attraction of the particles of the sanio 
body. 

II. Adhehios, the attraction of the particles of different 
bodies without change of properties. 

III. Chemical Affinity, the attraction of the partiolea 
of different bodies with the loss of their specijic identity- 

I COHESION 

119. Is believed to be but a modifli;ation of the great 
force of universal gravitation (9). It is strongest in solids, 
and imperceptible in gases. It is oppo.sert by beat (49), 
and may lae overcome by mechanical force. It may pro- 
duce motion, as in the projection of an arrow from a bent 
bow. To variations of cohesion are due the properties of 
hardneas, softness, malleability, ductility, tenacity, brittle- 
neas, elasticity, etc. The nature of these variations, and 
the causes of the differences of the above qualities in 
varioiM bodies, or in the same body under different con- 
ditions, are wholly unknown to us. 

(87) 



88 MEDICAL OHSMIBTRY. 

Hardaeas has Do relation b> deiitifi/ ; soft steel changes but 
little, if any, in denaily, by being hardened. Steel is hardened 
by being heiited ftnd then suddenly cooled ; iC is tempered by 
rehonting nnd plow cooling ; the temper U draien down, thnt is, 
the steel ia softened more, as the temperature of the reheatiDg 
is higher. Copper is hardened by slow coaling, and tempered 
by a sudden chill. Elanlkilji is tlie tendency of h body to 
resume its origitial form or volume; there ia no perfectly elastic 
solid body ; air and permanent gases are absolutely elustie. 
Tataoity is moat morlied in bodies that are not crystalline 
(amorphous). Gloss suddenly cooled will fly to pieces ex- 
plosively on its surface being scratdiL-d or broken. (Bologna 
phials; Prince Rupert's drops.) 

120. Cryatallisation (Gr. kryslallos, icu). When the 
force of coheEioa causes the particles of bodies to arrange 
themselves when solid in certain definite geometrical 
forme, the process ia termed cryBtalliaatioii. Although 
the varieties of crj-stals are apparently infinite, yet all 
may be included in six systems, according to the number, 
length, and inclination of their axes. The axes are imagi- 
nary straight lines connecting opposite sides, edges, or 
angles of the crystals. 

In the jiral system, monomelric 
(Qr. vionos, one, metron, measnrc), 
tbe axes are all equal and at right 
angles. The fundamental form ia a 
cube, Fig. 20, and from it may be 
derived the regular ortohedron (eight- 
sided figure), which is bounded by 
equilateral triangles ; the rhombic 
dodocahedron, having twelve equslj 
. the tetrahedron, having four equilateral 
as a base, and three as sides; with many 
others. The following bodies are found in this system: 
most metals, diamond, galena, white iron pyrites, common 
salt, sal-ammoniac. 

In the second system, dimetric {die, twofold, nieirojijj 
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) at right angles, but only two 



Fig. 21. 



measure), the a 

equal. The fundamental form i 
right square prism; Fig. 21; that 
is, a column having a square base, 
a varying height, and standing up- 
right. Prom it may l>e di'rived the 
corresponding octohedron and othei 
forms. The following among othera 
crystallise in this system ; calomel, 
ferrocyanide of potaaaium, oxidn of 
tin, cyanide of mercury. 

In the'ftird Bystem, irimftric (Ms, threefold, metron, 
ineaHure), the axes are at right angles and all unequal. 
The fiindaniental form is a Hgh.l rectangular or right 
rhombic prism, having a reetangle or rhombus for a base, 
and standing upright; Figs. 92 and 23. The sulphates' of 
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magnesia, zinc, lead, and baryta; nitre 
solution) ciystallise in this system. 

In the fourth system, monoclinic (-movos, one, clino, I 
incline), one of the axes is oblique to the other two. The 
fundamental forms are a right rhomboidai or oblique 
rhombic prism; Figs. 24 and 25. In the former, the base 

a. rhomboid, in the latter a rhombus; the former is up- 
right, the latter inclines. In the former the oblique axis 
II the base, in the latter in the elevation. Ilorax, sul- 



phates of soda, 
Kre examples. 

In the JiflK system, triclinio (It 
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wf-, and iron and siilpLur (IVoui riision) 
threefold, clino, I 

Fig, 2S. 




incline), none of the axes are at right angles. The funda- 
mental form in a, prism having a rhomboidal base and in- 
i^Hned; tlic ohliqun rhomboidal prism\ Fig. 2fi. Boracic 
acid and stalphatc of copper are esampk's. 

The stcth ^vatem, Hexagonal (Gr. Hex, six, g6nia, 
angle), has roiir a\es<, one vertical and passing through 
the intfrfiection of the three equal horizontal axes, the 
angle betwetn which is 60". The hexagonal prism, Fig. 
27, and the rliombohedron. Fig. 28, belong to this syBtem. 



Fig. 28. 





Familiar e.xamples arc seon in ice, Iceland ,'ipar, quartz, 
and cinnabar. 

121. Formation of Crystals. — In order that crystals 
may form, liie partich'.s should be free to move over each 
other, hence the ijodies should he fluid. Solid bodies 
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sometimes crrstalUse under the influence of long-con tinued 

vibration, or without apparent cause. 

Wrought iron car-axles, couplingB, etc., which are made op 
of bundles of libreH, nnd have great tenacity, aometimea become 
crystalline and break auddenl; ; tough, Iranaparent, amtirphouB 
HugaT (candyj will becume al^er a time orystalline, opaque, and 
bnltle. 

122. Methods of Procuring Crystals. — From solution 

by slow evaporation. The larger the quantity of liquid, and 
the more gradual the evaporation, the larger and more 
perfect will be the cryRtals. A hoi saturated solution 
allowed to cool deposits the excess of dissolved matter in 
crystals. Foreign bodies, as sticks, introduced, favour 
crystallisation, the crystals depositing on them as a nucleus ; 
this is frequently seen in urinary calculi. Chemical and 
electrical precipitation often give crystals. A liquid 
obtained by fusing a solid will often crystallise. When a 
polid is sublimed (ST), crystals are obtained. 

123. nsefnl Applications. — When two bodies of differ- 
ent solubility are dl^^solved in the same liquid, as the 
liquid is evaporated, the least soluble crystallises first. 
Thus, in making salt from sea-water, the common salt first 
crystallises, forming a crust which is scraped off, leaving 
behind the moUier liquor, which contains the more soluble 
!^utphatc of magnesia, chloride of potassium, etc. 

CVyBtalline form is generally an index of purity, and 
il is exceedingly difficult to deUTmine the true chemical 
ciinstitntion of an amorphous (Gr. a, not, morplie, form) 
body. 

As bodies generally crystallise in the same form, we 
are often enabled thus to identify them. Some bodies 
crystallise in two systeniH ; these are termed dimorphous 
(Ur. din, twofold, morphe. form). The properties of di- 
morphous bodies often clifftr roinarkably with the cryslal- 
i:nc form. 



92 MEDICAL CHEMISTRr 

Sulphur crjaUlliscd in the third ejstem baa a densUj of 
2'04; in the fuurth, of l''J8. Ited bdide uf inercur; is scarlet in 
tbe fourth, and yellow in the second. It may be converted into 
the latter form by heating, and returnH to the former bj friction. 



a ADHESION 

May take place between aolids (strietion, cements}; solids 
and liquids (wetting, capillary attraction, Bolution, dialy- 
sis); eolids and gases (absorption) ; between liquids (solu- 
tion, diffusion, osmose); liquids and gases (absorption); 
between gases (diffusion). 

124. Between Solidsl — Pieces of flat glass may ad- 
here so closely as to be inseparable, and show no sign of 
the junction on being cut with the diamond. This is 
termed slriclion, as distinguished from friction or passipe 
resistance to motion, which can only take place during 
motion. Cements are fluid or semi-fluid bodies which ad- 
here to solids and bind them together. 

The line betweeo cohesion aud adhesion cannot be ebarply 
drawn ; iron and platiunm may be welded at high temperaturea, 
and dough, putty, or soft clay, under ordinary circumstancee. 

125. Between Solids Ain) Liquids. WExriNa. — The 
hand plunged into water is wetted ; into mercury, not. In 
one case the liquid adheres to the surface ; why it do6s 
not in the second cannot be explained. Mercury will wet 
brass or gold or lead, but not glass or iroiL 

If a clean scale pan be put on the Burfaoe of water in a dish, 
it will be found that a very considerable weight will be required 
in tlie other pan to dmw it away ; it is uot even then separated 
from the water, a film of which adheres \o the bottom of the pan ; 
the weight is then tiic measure <if the cohesiou of the wat«r, not 
of the adhesion of the pan. The statement so often made in 
text-books, that in liquids the cohesive aud repulsive forces are 
in equilibrium, is inaeourate, as la shown by the foregoing ex- 
periment, as well as by the spheroidal form of drops of liquid 
when not wetting a surface, asm the dew-drop, or water sprinkled 
oil ft dusty floor or a hot plate. 
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126. Kipillarf Attnution — (Lat. capillm 
When tubes of fine bore are plunged iuto a liquid c 
of wetting them, the liquid rises within and without; 
within to a height much greater than without, and higher 
as the diameter uf the tube i» lees. If the liquid do not 
wet the tube, a corresponding depression takes place. 
The form of the surface is concave in the first case, and 
convex in the second. The height varies with the nature 
of the liquid, and is nearly inversely as the diameter of 
the bore. 

The caufiG of the riee of the liqaid ia readily uiwJerstood ; the 
attraction of the liquid for the sides uf tbe tube causes it to draw 
itself up, and as the weight of the column is comparatiTely 
alight, it rises until that weight and the cohosiTe force of the 
liquid balance its attraction for the tube. This also accouDta for 
tbe concave menUcas. The cause of the depression is not so easy 
to understand without the aid of mathematical demonstration. 
Any liqaid under the influence of its cohesive force alone will 
assume the form of a sphere, as in oil suspended in a mixture of 
alcohol and water of the same specific gravity, (Plateau's ex- 
periment]. Gravity flattens this sphere into a spheroid, as in 
a dew-drop. Adhesion spreads it out, as when water is sprinkled 
on a clean table. The liquid in a tube not being capable of 
being wetted \iy_ it, is nnder the inflnenee of the two former 
forces only. It ie hardly necessary to say that the phenomena 
are not due to repulsion. 

Plienomena due to Capillarity. — Fluids rise in the wick 
of a lamp, and as they are burned or evaporated a new 
supply is furnished. A capillary tube, if filled, will not 
run over if broken off, but the liquid will remain at the 
top. Water docs not freeze at 32° F. in capillal-y tubes, 
and if not allowed to reach the ends of the tube, liquids 
evaporate very slowly. A small greased needle will fioat 
on the surface of water. Floating bodies, when wetted, 
collect in groups or apparently adhere to the sides of tbo 
vessel. Hopes are contracted with immense force on 
being wotted, and rocks may he split by the expaoaion of 
wooden wedges driven into holes and wetted. In dry 



I 



04 MBDICAb OHSHIGTKT. 

BfiiBoua the moisture of the subsoil is brought nearer the 
aurfaue of the porous grouud. Capillarity is diminished 
by boat. 

1ST. Solution. — When the particles of a solid aod liquid 
luutttally iuterpeuetrate. the former disappears, and is said 
to bo dissolved. It still retains its geueral properties, as 
auoll, tftste, colour, and, ou evaporating the liquid, is 
rvoovered unchanged. The dissolriag liquid is called a 
Wtastnmmi the most universal solvent is water, nest 
glycerine, then aleobol. Why some bodies are soluble 
and others insoluble in a given menstruum, cannot be ej- 
pUined. Solution is broured by cirrumstances diminish- 
ing cohesion, as powdering and heat; also by stirring, 
which favours intenuisiure. When a menstruum refuses 
to lake up any more of » body, it is said to be taturaled. 
A Bquid saturated with ooe subetaoee may still take op 
■Dotber, provided h be more soluble. Ftoe crystals that 
Iwra becooM soiled maj be attdf wwihcd with a aatamtad 
mtHOtm of the aaae iagwdk a t jUlba^ beat gcotenflj 
hTo«n solstMii, jret baa aai aoaa of Hs salts an noet 
aoiable in cold water.and gnlpbatr af aoJa a< W F- 

T>a Mw «»fcaia» ii al» gwna gybwl i aa rr a r i wl j aff K uJ In 
eaMaia dMaMcal ttfcnaiMa. Bra^ a |mm «f iBrcrlbran iato 
■iNM aoi ■ ■■■ t a w with Hm r w h ri M «f — a a p t a d ftiiia 
I|i*MdMh^a>Mtodm At Htriearii. Tlwaaatatriitff 
■nw^ fcr, t» a«fatitfafr ti III ipiiiil njimi w hh la mwafcr 
«« aMaad. bat M MalaKc Mhv. Tba ■!««• ia mm* aa^- 
»|«. «• i9t« baa Urn mtmi W Iba aama «C iba aitria 
iHU.awl aW>^«Ma«rd«tr.imU: AhM^baawaiMaif 
WT* »aatf>w partiaw rf aaM aaJ aiMafc af (ib» aaifc rf> Jwr 



U9 Clair* (Sr ^ 
HrWllMi tA iMMiw BM^ be «rii(4 Site t«* 
^ «* wWeb t«^ t» ^ii j iiiii g iii; •■< 






MOLECULAS FOKOES. 95 

a jeily-like masa. On putting a mixture of a crystalloid 
&ad a colloid into a veeael furnished with a bottom of 
parchment or similar material, the cryatalloid will pass 
through while the colloid remains. Colloida esiat in two 
forms, — one a clear solution, as white of egg in water 
(peptiscd, Gr. pepsis, coction), or opalescent, and as the 
same white of egg coagulated (pectised, Gr. pekloe, coagu- 
lated). Mauy bodies pass readily from the first to the 
second condition.* Dialysis must be constantly taking 
place iu the animal body. 

Among the applicationa of tbla interoBtiDg discover; may be 
mentioned the prcpnration, in a soluble state, of bodies hereto- 
fore only knoKn as insoluble. Among these are silloa, seaqui- 
ozide of iron, ettinnio acid, Prussian blue. Urea and salts are 
separated from urine, and crystalline poisoiis from oi^anio mix- 
tures. It must be borne in mind, however, that the process of 
separation cannot be complete. The nutritious juice of flesh has 
been obtained from waste brine by dialysis, and it is proposed tn 
render Bait meat fresher bj the same prooess.t 

129. Between Solids and Gases. Absooption. — On 
plunging a bright knife-blade into water, the adherence of 
bubbles of air will Ik noticed; this takes place to a less 
degree when the surface is roughened. The absorbing 
power of porous bodies is marJied on account of the ex- 
tensive surface they present. The retention of odours by 
the hair and clothing is a familiar example. Freshly 
burned charcoal will absorb 90 times its volume of am- 
monia, 85 of hydrochloric acid, G5 of sulphurous acid, B5 
of sulphuretted hydrogen, 40 of nitrous oxide, 35 of car- 
bonic acid, 35 of oleflant gas, 9'42 of carbonic oxide, 9'25 
of oxygen, 7'4 of nitrogen, 5 of marsh gas, 1'75 of hy- 
ilrogcn. The five gases last named are permanently elas- 
tic. Gases easily llquofiod are most largely obsorbed, and 

• QiiAii*t(, PhiL Tranf., Jono, ISfll. Om.wo, CT™. Ntmi, Murob. I8B3. 
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ID gome canes the pressure from thoir condensBtloil 
enough to liquefy them. The deodourising powers of dry 
charcoal (206) depend upon this absorption and condensft- 
tiou. Platinum, when finely divided, (platinum sponge 
or black,) possesses similar properties. 

130. Between Liquihs. Souitios. — Ai 
rule, liquids arc indefinitely soluble in each other. 
some cases a point of saturation may be reached. 
is soluble in ten parts of water, and water in ten of ether. 

131. Diffusion. — Two liquids broug;ht into contact 
without stirring will gradually intermingle or diffuse. 
The phenomena are best studied by placing in ajar of one 
liquid a phial containing the second. The laws govem- 
iug the rate of diffusion of liquids have been determined 
by Mr. Graham, bat tbey are too complex to be discussed 
fully in an elementary work. In solutions, the quantity 
of diesolved substance diCTused in the same time is pro- 
portioned to the strength of the solution. Common salt, 
hydrochloric and sulphuric acids have great difiiisj 
power; albumen is very feeble in this respect. No fli-_ 
rect relation exists between the specific gravity of a sol 
tion and its rate of difiiision. 

132. Osmose (Gr. Ssnios, impulsion). — The diffiis] 
of liquids through porous partitions. — If a piece of gut" 
be partially filled with milk, tied at both ends, and ini- 
luerecd in water, it will after a time be found to be dis- 
tended, while the water is slightly coloured by the milk. 
If a bladder filled with molasses and fitted with a tube, 
bo immersed m & jar of water, the molasses will rise in 
the tube, while the water will slowly become sweetened. 
In thtse cases the water evidently passes through faster 
than the other liquid. The same effect is seen when sa- 
line solutions are used. It is to this action that the rise 
of sap in trees is due, and it probably plays an important 
part in atiinial physiology. Otimose is increased by heat. 
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liquids. 2. Capil ^ 
the liquids by the septum, the o: 
tha most rapidly. 4. ChemioaJ 
acting the moat pasaicg the 



, The diffuBiye teudBncy of the 
. 3. The unequal absorption of 
le most readily absorbed paBeine 
action on the ijeptum, the liquid 
, „ Mt rapidly. It cannot be due to 

capillary attraction alone, as is asserted by some phyBiologista, 
for capillarity is diminished, but osmose increased, bj heat. 

133. Between Liqt;iDS and Gases. Absorption. — 
The amount of gas which a liquid wili take up is directly 
as the pressure, and diminishes with the temperature. 
Such solutions have a lower boiliug-poiot than the liquids 
themselves, and poBsess, generally, the properties of the 
disBolved g^ases. When in water, they are known iu the 
Pharmacopeia as Aqv.se, av, AquaChiorinii, Aqua Acidi Car- 
honici. Water at 59° F., and under atmospheric pressure, 
dissolves T'2T'2 vols, of ammonia, 458 of hydrochloric acid, 
43-6 of sulphurous acid, 3-23 of sulphuretted hydrogen, 
2-36 chlorine, 1 of carbonic acid, O'OSO of oxygen, 0-014T 
of nitrogen, 0-019 of hydrogen.* These are all expelled 
by prolonged boiling. 

The ereater nolubility of oxygen, when compared with nitro- 
' B being found in larger proportion in the 



134. Betwees Gases. Diffusion. — If we put into a 

bottle liquids of different density, and insoluble in each 
other, as water, oil, and mercury, they will arrange them- 
selves in the order of their specific gravities. This is not 
the case with gases. If we connect two globes, one filled 
with oxygen and the other with hydrogen, by means of a 
narrow tube, the one containing hydrogen being above that 
filled with oxygen, they will be found to intermingle, and 
form a permanent, homogeneous mixture, although the 
oxygon is 16 times as heavy as the hydrogen, — a greater 
difference of specific gravity than exists between mercury 
and water. The law regulating this phenomenon is that 

' Bdsbsn, Oixt^miOg, p. 2S6. 
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the rate of the ilifftisiou is mversel; as the. nquare root O 
the density of the gas. Thus, hydrogen will diffuse intrf" 
oxygen four times as fast as oxygen into hydrogen.* The 
constant constitution of our atmosphere depends upon 
this law. 

The diffusion of hydrogen into air ie strikingly shown by 
holding a jnr of hydrogen over aa inrerted poroua cell, inlu 
which has been fastened a glass tube, tba lower end of which 
dips into water ; the hydrogen rushing into the cell faster thaa 
the air escapes, causes a condensation which forces the air in 
bnbbles from the lower end of the tube. The separation of gases 
by means of their unecjual diifusibility through porous parti- 
tions is termed AtmolyBis.t When gases pass through certain 
membranes, thoy deviate from the above law, those most easily 
liquefied passing most readily. This is owinj; to the condensing 
power of the membrane, and does not really invalidate Mr, Gra- 
ham's law given above. The effasiiin of gases, or their passage 
through small openings in thin plates into a vacuum, obeys ta« J 
same Taw. 



CHEMICAL APPINXTY 

135. Causes the particles of different bodies to unitaJ 
with the loss of specific identity. By specific identity ? 
mean the properties by which a body is recognised. Th^ 
term, derived from the Latin affinia, a liking, merely bjei 
presses the fact that certain bodies tend thus to unite 
■without attempting to explain this tendency. The etrengt 
of affinity varies exceedingly, some bodies, as chlorine o 
oxygen, uniting actively with nearly all the elementftM 
others, as carbon, boron, and silicon, combining with \ 
few, to form compounds of comparatively feeble stabUityJ^ 
136. Admixture and Combination.— -drfAesion produceal 
the admixture of bodies; affinity their combination. I^.'l 
the first the properties of the constituents may be recog-.J 
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nised ; in the second they are lost. Bodies merely mixed 
may be separated by mechanical meana ; when combined, 
only by chemical means. Bodies may be mixed in any 
proportion ; they combine in definite aadjixed proportions. 

Thus, if 'we mix salphnr and iron filings, we may disbingniah 
tho constituentB by the eye, the iron may be withdrawn by the 
magnet, or the salphnr diaBolved out by bisulphide of carbon. 
We may mix a grain of sulphur with a ton of iron, and vice 
i^raa, or in any intermediate proportion. If we apply heal to 
the mixture, the sulphur and iron oombine to form a cinder- 
like maaa not posseBsing any properties of eithor sulphur or 
iron. It cannot be decomposed eioejit by some ohomical agent, 
acid if the aulphnr and iron are not in the proportion of 4 to 7, 
the excess will remain out of combination. 

Id some cases of solution, as alcohol and water, there are phe- 
nomena partaking of the character of those of combination. In 
certain instances the properties of bodies are not entirely lost, 
as in carbonate of ommnmia, and rare examples of d 
tion by mechanical meanii may be mentioned (iQl). 

137. Girmmistances Inflnencuig CombmatJon. — Chemi- 
cal combination is opposed by cohesion ; it is favoured by 
light, heal, electricity, catalysis, the nascent state, and wie- 
chanical force. 

138. Coliesioil apposes chemical affinity by retaining in 
the respective masses the particles which tend to leave 
them and combine. It is overcome by powdering, fusion, 
or solution. 

Iron in mass requires an intense heat for its combustion, — that 
is, its combination with the oxygen of the air. In the form of 
filings it burns brilliantly in a epirit-flame ; in that of Que- 
Tennes iron {Fen-mn Rtdactum, U. 8. P.) it ignites like tinder, 
and in still finer powder will take fire apontaneoualy (pyrophy- 
rus). Fusion and solution not only overcome cohesion, but facili- 
tate the mixture of bodies. Scidlits powders may be kept mixed 
in a dry place for any length of time, but on water being added 
cnmbinabon at once takes place. Iodine and sulphur are fused 
together in making iodide of sulphur. 

139. Light favours combination. Mixed chlorine and 
hydrogen may be kept for an indefinite period in the dark; 
in diffused daylight thpy cnmbine slowly ; in the eurilight, 
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CKploeiTely. The cbemical or actinto power of lighl^ 

resides chiefly in and beyond the violet ray. The subject 
will be more fully discUBBed under Deco«pobition(156). 

140. Heat is the most usual method of causing combi- 
nation. Oxygen and hydrogen will not combine when 
mixed until & flame is applied. The effect of heat in pro- 
moting combustion in fnmiliar in lighting a fire, candle, or 
paa jet. 

141- Electrielly acts indirectly, by the development o£. ■ 
heat when resi.^ted, as in the electrical cannon or powdefJ 
cup, and directly, as when nitrogen and oxygen i 
caused to combine by passing through them a series of ^ 
electrical sparks. 

Id the electrical cannon an insulated wire, passing tbrough 
the Tcnt^ is futnislied with a bnob ; its inner end doea not t«uch 
the opposite aide of (ho cannon. A spark pofising to the knob 
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and the side of the gun, The resistance ol 

vioufily introduced developa heat, and they are causea lo com- 
bine. Id the p6wder cup, two stout wires are united by a £ae 
one, around which gunpowder is placed. A single yoltaic ceil 
will eauae eiplosion from the heat developed, owing to the re- 
siatance of the fine wire to the passage of the current. Both. 
expedients are used in aubmarine blasting. 

143, Catalysis — (Or, kata, downwards, and lus, I loose). '' 
This term merely serves to group together a series of 
hitherto unexplained phenomena. Bodies appear to act 
by their presence alone. The alloy of silver and platinum 
will dissolve chemically in nitric acid ; platinum alone ia 
unafTected. The silver is said to act by catalysis or 
presence, 

143. The Nascent State — (Lat. nascens, being born). 
Bodies which refuse to combine when in their ordinary or 
free condition, will do so when in the act of being liber- 
ated from combination. In this way largo numbers of 
compounds are formed which could not be obtained by 




any other meanH. The compounds of sulphur and phos- 
phorus with hydrogen are examples. 

Sulphur and hydrogen cannot be oombined when free, but by 
uniting sulphur with iron, forming Hulphide of iron, FeS, and 
throning this into aaidulated 'water, HO, a mutual interchange 
of atoms takes place, forming FeO, oxide of iron, and IIS, sulphu- 
retted hydrogen ; the former combinoa with the ooid. 

Ii4. Mechanical Force. — Long continued agitation will 
in rare cases determine combination. Ofcfiant gaa, C^H,, 
(existing in ordinary coal gas,) hydrated sulphuric acid, 
and mercury, shaken for four days in a glass vessel, re- 
sulted in the production of alcohol. 

This interesting discovery by Borthelot "■ has been applied on 
the large scale in Prance,t but without aiicoess in a commercial 
point of view. The reaction may be thus oiprcssed; C.II, -f- 
2H0 = 0.H,0, (oloohol). The reuetinn is indirect, and will be 
more fully eaplained under Organic Cheminlry. 



LAWS OF CHEMICAr. COMBINATION. 

U5. AnalyBis and Synthesis, — The laws which govern 
the formation of cheniica! compounds have been ascer- 
tained purely by experiment. The composition of a body 
may be determined by taking it apart (analysis, Gr. ana, 
luo, to separate), or in some cases by patting together its 
constituents in their proper proportions (synthesis, Gr. 
Ki/n, tithemi, to put together). 

146. La,WS. — I. All chemical compounds are definite in 
their constitution, the ratio of their constituents being 
constant. Hence all bodies cambine in certain definite 
ratios (equivalents, combining weights, atomic weights). 
See table (181). 

II. Bodies combine either in their lowest ratio or a 
multiple of the same by a whole nimiber. 

III. The combining weight of a compound ia the sum 
of those of its constituents. 

■ Cl.fm!c ar-janlqne. Hi-., t. I., [1. I"4. t (^""- A'r""'. Jon-i 1SC3. 
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147. ninstrations of these Laws.— I. Pore water ia 
found by annlysie, no matter what it£ source, to consist 
of oxygen and hydrogen in the ratio of 8 of the former to 
1 of the latter. If we mix the gases in this ratio and 
combine tbeui, pure water results; if oilh«^r be taken in 
excess, that excess will remain uncombined. Iron and 
oxygen combine in the ratio of 8 of oxygen to 28 of iron, 
and so by analysis of all known bodies the ratios in which 
their elements unite are ascertained and in many cases 
verified by synthesis. In order to render these ratios 
absolute, one body is fixed upon as a standard; hydrogen 
is generally taken as unity, having the smallest combining 
weight, and thus avoiding the inconvenience of large 
and fractional numbers. The proportions in whtoh bodies 
unite are termed their combining weights, because they 
express the quantities which will exactly tombioe , aiomic 
weighls, because they are supposed to represent relative 
weights of their atoms or moleculeo, and equiialenla, 
because one body taken in its ratio is equal in chemical 
effect to any other body taken in its ratio 
BtaDdard is merely n 
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body, we ascertaia the quantity of 
line with it by rule of three. TbuB 
the combining weight of sulphur being 16, that of iron 28, to 
find how much sulphur ia required to exactly combine with 100 
lbs. of bon, we have 28 : 16 ; : 100 : 57'14 lbs. of sulphur rc- 

3uired. The meaning of the term equivalent will be better un- 
orstoodby aa eiarapTe. IFin 9 grains of water, HO, we remove 
1 f^ain of hydrogen and supply its place by iron, forming FeO 
oxide of iron, we must use 28 grains of iruu which thus exactly 
unites with the oxygeu and performs the same chemical part as 
1 grain of hydrogen. 

148. II. Water being composed of 1 part of hydrogen 
and 8 of oxygen, the next combination is hydrogen 1 part, 
and oxygen 16 or twice 8. We may have 14 of nitrogen 
(its combining weight) united with 8, 16, 24, 32, or 40 of 
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oxygen, but in no case do«s less than 8 of oxygen combine. 
This 19 true. of all elements and compounda. It should bo 
clearly borne in mind that the compounds formed by the 
second, third, fourth, etq., multiple of an element, differ as 
much from each other as the first compound did &om its 
constituents, and the same is tme of most compound 
bodies when united. The apparent exceptions to the 
second law in the case of sesquioxides will be noticed 
hereafter. 

Calomel and corrosive euhlimate differ only in tbc quantity of 
chlorine l)eing double in tbe latter. The difference of the prop- 
erties of various combinations of the same elements in coni- 
Eaunds will be obvioua whea fre Gome to the description of the 
odieB themselves. 

149. Ill, Besides the elements, we hare frequently to 
combine compound bodies. The most important of these 
are known as acids and bases. Any body which has a 
sour taste, will redden vegetable blues, and will combine 
with a second compound body to form a now third sub- 
stance, is termed an acid; a base is any body capable of 
combining with an acid and neutralising it. An acid and 
a base united form a salt. 

The above definitions are necessarily imperfect, as nature 
never defines. They will, however, do provisionBlly. We have 
a large class of salts (the haloid group, 224), of which comnion 
salt la an example, which are not formed by the onion of an 
acid and a bnae. 

To determine the combining weight of an acid or a base, 

Lit is only necessary to add ap its constituents. Thus, hy- 
drated sulphuric acid, HO,SOa=l+8+15+24=49; po- 
tassa, KO=»39+8,^4T, These numbers are asinvariaWe 
as those given in the table of elements (181), and might 
form a separate table, though the arithmetical process is 
so simple that this is not often done. When a known 
quantity of an acid or base is given, tie amount necessary 
to saturate is determined aa before by proportion. 
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Tkaa to nentrali^ 100 lb«. of hjdrated ealpburic twid, HO.SOw 
with lime, CaO=28, we have 49 : 2J* : : 100 : 57-1 lbs. lime. In 
practice, t«st papers are used to determine vhen eatnration baa 
btken place. Tne most common is UtmoB-paper, which is red- 
dened by Bcide and has it8 colour restored b; certain bases 
which neutraliae the acid. Bj having a blue and a feebly red- 
dened paper, and mixing gradaallj me acid and base, we can 
determine the proper quantity without the neeessitj of weighing. 

150. The Atoinlc Theory of Dalton supposes that the 
relative weights of the atoms of bodies are those indicated 
by their combining weights. Of the absolute weight of 
the atoms we cannot even conjecture. Hydrogen being 
the lighteBt atom, that of oxygen would be eight timeB as 
heavy, iron 28 times, and so on. The atoms being sup- 
posed to have the same density, their relative bulk would 
correspond with their respective weights. Upon this 
theory, the laws of combination are easily explained, 

Suppnne a trillion of atoma to constitute an appreciable quan- 
tity; call this quantity n. Ab each at^m of oxygen is eight 
times as heavy as one of hydrogen, the quantity n of oxygen 
will be eight times as heavy as the quantity n of hydrogen. 
When they combine, each at«ni of oxygen unites with one of 
hydrogen, and there being the same nurSjer of each, one trillion 
or n molecules of water, HO, will be formed. If, however, wo 
take more atiome of bydrogeo, n-i-a, where a represeuts t^e ex- 
ceBS, than there are of oxygen, thoae in excess will be left un- 
oombinod, and we shall have the same n molecules of water and 
a of hydrogen will remain. This illustrates the & 

An atom is indivisible. Hence, if we add n 
atom, we must take two, three, or more, and the weight of the 
added body will be in the ratio of its atomic weight multiplied 
b^ the nwmber of atoms taken. Calling the weight of oxygen 
eight, if we add to an atom of nitrogen two of oxygen, they will 
weigh ^ice eight, and so on; what is true of a single atom ia 
true of n atoms, or our supposed appreciable quantity. (Second 
law.) 

A moleoulo is composed of two or more atoms; its weight, 
therefore, is the weight of its constituent atoms, and what is ime 
nf one moleaale is true of n molecules, or nur supposed appre- 
ciable quantity. (Third Law,] 

151. Combinatioil by Volume. — It is easier to measure 
Qinstjs than to weigh them. By filling a vessel of known 
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capacity with water or mercury, and displacing tliis by an 
equal bulk of gas, its volume is at once determiucd. Know- 
ing ita specific gravity, the weight of this volume is found 
by multiplying the weight of an equal bulk of aarby this 
specific gravity (193.) 

151, GAT-LresAc's Law. — It is found that a very 
simple law governs combination by voliime. Equal vol- 
umes (with certain exceptions) contain equal numbers of 
atoms, and hence are equivalent. If we take a given bulk 
of hydrogen, and call its weight unity, the weight of equal 
bulks of the following gases and vapours will be : nitrogen 
14, chlorine 35'5, iodine (vapour) 127, water vapour 9, 
etc. ; these numbers, it will be seen, are those of the com- 
bining weights of thoBe bodies. 

The most important exceptions ti] this law are oXTgen, n'hich 
■with a combining weight of 8 has a denflity of IG, compared 
with hjdrogon as I j ita volume is therefore but one-half that of 
hjdrogeo. Tiie same is trua of sulphur (at 1600° F., at whioh 
temperature its volume becomes constant], phoBphorng, and ar- 
Benic; while ammonia, hydrochloric aoid, alcohol, and some 
other compound vapours have a volume double Uiat of hydrogen 
for an equivalent weight. The volume of osypen being assumed 
lis unity, that of hydrogen and ita group is 2, Umt of the com- 
pound vapours above noticed 4. It will be eeen that these bear 
a simple arithmetieal relation to each other. In all cases where 
the term equivalent is u^ed in tbifi volume, it will refer to com- 
bininff vieifflU, unless otherwise specified. 

152. Symbols ; Notation. — The olgeet of chemical sym- 
bols is to express to the eye the elements existing in any 
body, with their exact proportions; also their supposed 
arrangement and the tlieoretical changes taking plac« 
during reactions. They are algebraic iti their character, 
but not strictly so. 

The initial letter of the Latin or English name repre- 
Bctits one equivalent, or atom of the element. Thus 
ropreaents not only oxygen, but 8 parts by weight on the 
hydrogen scale. Where several elements begin with the 
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name letter, a second small letter ia added. Thus P 
stands for Phosphorns, Ft for Platinum, Pb for Pltimbum 
(Lead), etc. When it ia deeired to espresa more than ooe 
equivalent of an element, the number expreasing the 
quantity (coefficient) ia placed at the right hand and 
below the line. Thus Oj, three atoms of oxygen; Pb„ 
two atoms of lead. 

Two elements combined together form a binary com- 
pound (Lat. bis, twice). This combination is indicated by 
simply joining the two symbols. Thus HO, water, ia a 
combination of an atom of hydrogen with one of oxygen. 
The coefficient is placed to the left and on the line. Thua 
anO means two molecales of water, and is equal to H^Oa. 

In algebra, 06 would aignifyaxfi; bat in chemical notation 
no conftaion can result, as a Bymhol repreaents a aubitanee as 
woU as a quantity. To speak of multiplying hydroBea by oij- 
gen ia manifestly absurd. A very commnn error wim beginnera 
15 to multiply the combining ivtigM instead of the coejicienl of 
the elements by Uio coefficient of the compound. Thus, instead 
of 2H0=H,0„ or 2Fe,Os=Fo,0„ we have BA., or FeiuO« ; this 
blunder ia most transparent, and yet it is esceeding]j commos 
ivith studentM. 

A ternary compound is one containing three elements 
(Lat. ter, three times). In inorganic chemistry they are . 
always made up of two pairs of elements, one element 
l>eing common to both sides. Thus the two binaries KO, 
potaasa, and SOj, sulphuric acid, unite to form K0,80„ 
ternary compound (sulphate of potassa). Binaries thug 
united have simply a comma placed between them. A 
coefficient placed as for binaries only affects as far as the 
comma, unless a parenthesis or vinculum is used. Thus, 
G(KO,SOj), or 6K0,S0a, wiil represent six equivalents of 
sulphate of potassa. 
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A quarternary compound (lat. quarto, four times) in 
inorganic chemistry consiets of two ternaries. The sign + 
is placed between them. They require the same use of 
the parenthesis as binaries. Thus, KO,SOj+MgO,SO„ 
double sulphate of potassa and magnesia. As a general 
rule, when a compound breaks up, it is first at the +mark, 
accondly at the comma, and laatly the elements separate. 

Symbols are also used to explain the theoretical changes 
taiing place during reaction. If wo throw potassium, K, 
on water, HO, it nnites with the oxygen, O, of the water, 
and set3 free the hydrogen, H. This may be expressed 
thus, HO+K=KO+H. In this case the sign + merely 
has the algebraical significance of addition, and does not 
mean combination. 

In writing ajmbols, the eleeiro-positive elemeDt of a compoupd 
{164j IB written lirst. For the Ttiesent it will euffice to say that 
in biaary compounds the metallic element is wriCten firat, and 
in temariea the base. 

153. NoMENCLATUKE. — The object of chemical nomeu' 
clature is to indicate the composition of a body by ita 
name. It is yet quite imperfect. 

Before the time of Lavoiaier the names eiven to componnds 
were empirical ; maay of these are retained as synonyma, and 
it is important for the student to learn both the systematic and 
the empirical namea ; a list will be found in the Appendix. The 
following are Boao examplea; &[ceAorun»i'a(«mi, sugar of lead, 
acetate of lead; Crocus Marlis, aaffron of Mars, Ooleothar, 
anhydrous sesoniozide of iron ; tapii inftmalU, luuar caustic, 
nitrate of (osiae cf) silver. 

All binary compounds terminate in ide, which is affixed 
to the abbreviated name of the electro-negative (16i) con- 
stituent. Thus, FeO oaride of iron, HgS sulphide of mer- 
cury, M^aCl chloride of sodium. The termination urel is 
synonymous, as sulphuret for sulphide, but is now disused 
in scientific works. 

It ia to he regretted that it has been retained fur the aulphides 
I the last edition cf the U. S. Pharniacoptein, while the other 
vrets have been properly changed to idea. 
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The termination ide gives no indication of the propor- 
tions in which the elcmonts are combined ; this is done 
by prefixes. Sub (Lat. under), an excess of eleotro-posi- 
tive element; prolo (Gr. prolog, first), one atom of each 
element; eesqui (Lat., half as much), two of positive to 
three of negative ; J>eut (Gr. detUeroa, second), or Bin 
(Lat. Bia, twice), two of negative to one of positive; ter 
(Lat. ter, three times), three of negative. The following 
table will be useful in aiding the memory of the student, 
the signs -f- and — indicatiug the proportion of tiie elements 
lirst and last written. 

+ — Fsenx. ExiMiPLii. 

2 or moro 1 Sub CujO, Suboxide of copper. 

1 1 Proto FeS, Protosulphide of iron. 

2 3 Seaqui Fe^Clj, Sesqui-chloride of iron. 

1 2 Dent, or Bin MnO„ Deut or Binoxide of ItCui- 

ganese 
1 3 Ter Sbs, Tersulphide of antimony, 

ThesB prefixes are n1»o ased irith the siinie meaning For 
ternary cumpoundB. Thus, SPbOgC^IIjO,, «i'&-acetato of lead; 
FeO.CO,, profo-carbonate of iron ; 2HH,0,3CO„ nwytti-oarboa- 
ate of aramonia; KO,2CrO„ i^uhromate of pota.s«a; Fe,O^SO„ 
(er-sulphate of (the sesquioxide of) iron (inacouraU). 

ConfiiBiou has arisen from putting theprefix of the basebetijia 
that of the Halt ia whiuh it occurs. Thus protoaulphate vai 
protoearboaate of iron are used ta ezpresB either the proportiocie 
of aoid and base, or the constitution of that base, generally tlie 
latter. The prefix per is used to signify any higher compound, 
and is often used fur teaqui, as perohlorido of iron for sesqul- 
chhiride. It is indefinite, and should never be employed in 
this way. 

154. OxYOEN Acids and Bases. — When the name of & 
metal ends in turn, and it becomes oxidised, so as to form 
a base, the last syllable changes to a. Thus: potassium, 
polassa; sodium, soda; magnesium, magnegia. This 
rule is of limited application ; where not applied, the nams 
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of the metal in the base is ased, the oxy^u buing 
nnderatood. Thus, nitrate of silver for nitrate of the 
oxide of silver. 

The most usual tenuioation of an AOin \b in ic, the rarer 
termination ous being used to signify a lower degree of 
oxidation; thus, 8O3 sulphuric acid, SO, su)phuro«». 
The preSs hyper (Gr. huper, above) is used to indicate a 
higher degree of oxidation, and hypo (Gr. hupo, under) a 
lower one ; the former is generally abbreviated to per, 
as chloric acid, ClOj; hyper or jjer-chloric, CIO,; hypo- 
chloric, ClO^. When an acid combines with a baso to form 
a salt, the termination ic changes to ale, ous to He, the 
prefixes being unaltered. These rules are illustrated in 
the following series. 

Compounds of Chlorine with Oxygen, and their Salts. 
CIO, Hyper (per) chloric ncid KO.CIO, ferchloTale of potiissa. 
CIO( cUoric " KO.ClOi cWoralt " 

CIO, Hypo " " KO,01O, ajrpo ■' 

CIO, chlorou* ■' KO,C10s chlorife " " 

CIO Hypo " " K0,C10 Hypo " 

Care must be taken not to confound ite with ide. The 
former contains the letter (, which stands for ternary ; the 
latter d, for dual or binary ; this will aid the memory. 

There is no systematic nomenclature for acid, bases and 
salts not containing oxygen. 

The name of an acid onW indicates ibi elemeota, and not their 
projiortionB. Theae must be retained by meraorj. The nuniber 
of unportHnt osygen acids in inorgnoio chemiatrv is not great, 
aod tnev are Brranged io the table Iwloir in a maiioer calculated 
to enabio the etudent easily to commit tbem to memory. The 
BymboU represent the acids when dry or in caminnation ; in tlia 
free state they are practically (except COi and CrO,) combined 
with water. 

Combined Oxygen Acids. 
Hypo-phoaphorous. I CO, Onrbonio. 

CIO Hypo-uhlorous. SO, SiilphuruuB. 

'iiO, Hypo^ulphurouB. | SiiO, Stannic. 
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NO, Nitrons. 
SO, Salpbuiiu. 
PC^ Phoaphoroui 
Sit^ Silicio. 
BO, Boraoic. 
MnOi MuDgooio. 
FeO, Ferrio. 
CtO, Chrornio. 
AbO) ArseniouB. 
AuO, Auric. 
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NO, Nitrio. 

PO, Phoaphoric. 

CIO, Oliloric. 

BrO, Bromic. 

10, Iodic 

SbO, AntimoDic. 

AbO, Arseoio. 

BiO, BiBmulhio. 



Cr,Oi Pflrchromio. 
MdiO, Permanganic. 



DECOMPOSraON 

155. la the breaking up of a compound body into siofr I 
pier forms. It may be considered under two headBtJ 
(I) Where the constituents of a body separate and remal 
Bo, or form new compounds among themselves, — decompc 
silion proper (spontaneous [?] decomposition). (2) Whep 
decomposition is effected by the agency of some i 
body, with which an interchange of coustitueats takej 
place, — decomposition by superior affinily. 

I. DECOMPOSITION PEOPEK 

This is seen in all organic bodies after death, under 
favourable conditions as to temperature and moisture. It 
is improperly termed spontaneous, as no change can take 
place in matter without the agency of force. It is favoured 
by light, heat, electricity, catalysis, esample and mecbani- 
cul force, 

156. Light. — The chemical or actinic power of light 
resides chiefly in the violet ray, and beyond this where 
light is invisible, unless concentrated by a lens, when 
it is lavender-coloured. The effect of light in caus- 
ing decomposition is seen in the fading of colours, the 
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, and it is applied in the art of plio- 



prowth of vcgetatio 
tography. 

Carbonic acid, C0» is ailialed by animals, and ia a. product 
of ordinary combustion. It is abnoHiEd liy Tegetnliles and, 
under the influence of sunlight, decomposed, the oijfien being 
exhaled and the carbon asaimilated. Thia beautiful lialaace of 
animal and vegetable existence is applied in tlie K-ell-known 
aquarium. 

The principle of the art of photography is easiest understood 
by a description of the daguerreotype. In all cases the steps are 
four ; 1. To render the plate sensitive to light ; 2. To expose it ; 
3. To develop the image ; 4, To fix it. 

1. A polished silver surface is exposed to the vapour of iodine 
in a chemically dark room. Iodide of silver, Agl, is formed. 
This undergoea a change (more probably molecular than strictly 
chemical) on eiposore to light. An image of the olyeot is re- 
ceived at the focus of a convex lens, in a dark box (camera), on 
a plate of ground glass. 2. This is removed, and the sensitive 
plate inserted. Objects are visible by the lifrht which they 
irregularly reflect, white bodies reflecting the most and black the 
least. The iodide of silver is most changed when there is most 
light, and thus gives a picture. 3. In order to render this visi- 
ble, the plate is exposed to the vapour of mercury, which adheres 
most where there has been moat change. 4. To prevent further 
change, the unaltered iodide of silver is removed by a Bolntion 
of cyanide of potassium. All photographic processes are mora 
^r leas alike in general principle, 

157. Heat, — Limestone, CaO,CO,, when heated, is de- 
composed, the fixed lime, CaO, remaining, and the volatile, 
CO, passing off. Gunpowder consists of charcoal, nitre, 
and sulphur. When fire is applied, it is converted into 
heated gases, occupying an enormously increased hulk. 
In symbols the change talcing place, when the powder is 
not confined, may be expressed thus: C-f KO,N054-S= 
3C0j-J-N-J-KS, the latter forming the smoke. 

158. Electricity may act indirectly by developing heat 
when resisted (141), and directly in the ease of voltaitj 
decomposition. The latter will be considered under a dis- 
tinct head, Elbotro-Citemistky (163). 

159. Catalysis (142). — Chlorate of potassa, when heatod 
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to rediK'^, fuses a 



s off all its oxjpen rapidlv. KO, 



1 powdered fiand 
uxidii of Biangaoesf, Uie gas coiueB off quietJj. aod at a 
luiMib lower t«iui>eratiiru. The Ij1&c][ oxide is imchanged, 
(Uid ui&y he uH«d over and over a^aia. 

]eo. ExaJEple. — A wjlution of pure su^ar will not ftr- 
iiii'ut I ujioH t)ie «/Idi(ii>u of a Buiall (juantity of any kt- 
uic-utiug uiattf-r, an yuast, deeompoeitioa befTna, and con- 
t'mn'-e ijfltil lliii BU({ar w brokcu up. Tlie ferment is said 
t<i wt liy fj-awjjU:. W'a do not really know how it acts. 

Itil. MacluUlioal Force. — Althuuglj, as before stated 
(136), it is geoerally true that a cheDiical compound may 
tw deramipoiied only by ehemical means, yet there are im- 
portant exiM]tlitina. In some cbbcb the action is indirect, 
a» whan huat Is dnveloped by friiition or percu§aion; ia 
other caeea it la direct. The two ealtB, sulphate of alu- 
iilirm and aulphato of potaHua, which united constitute 
AJmii, may he Mparal«d by their different rates of difid- 
filou (131). Neutral metallic Halts, such aa those of gold, 
nUvur, pUtinuHi, and copper, are docompoBod by filtering 
thrtiugh charcoal, the metal being depogited on the cfaaF- 
I'oal. Thif U duo to the enormous surface which the 
poruuH cUureiml uxpoties (^Ofl), 
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162. When a volluic cur 
trolyte (04), dccimipusitioii 
ho studied he put into n 
» 'id the conducting \ 



I'Ht ia pftsHi'd through an eleo- 

takriR place. If the liquid to 

stiparnte vessel (decomposing 

bi> tipped with platinum or 



coiistituente may l»e separated and examined, 
mti&l Phenomena. — The amount of chemical 
Ur l^iterv cella, of electricity developed, and of 
a in the decomposing cell, are e^ tiitv 
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alenl. With tho eamo electrolyte the same eonatituent 
appears invariably at the Hanie pole. 

Thua for 32-5 eraina of zinc, Zn, disnoWed in the bntt^ry, 
grainH of water, 110, an daoomposod, 40-5 emiiK of oxide of 
line, ZnO, formed, and 1 grain of hydrugeo, II, liliorated. The 
elootricitj thus eeaerated will, if passed through water, doonm- 
ptise 9 grains (U^1.0=8), but if tbron^hiodideofpotoaiiiuin, K[, 
iK^t9.I^127), 166 grains, or one equivalent will be broken up. 
7be oxygen in the first case, and the hfdine in the accuiid, appear 
at the end of the wire attached to the + or platinum pole, 
By meoiuring the amount of gaa liberated in a given time, the 
relatire quantity of the current mav be dctermiQed. An instru- 
~aent for thia purpose is called a Toltainot«r. 

164. Electro-Positive and Neoativb Bodies. — We 
have thus a meann of arranging simple and compound 
bodies according to their relative electrical characters. 
These may be determined: 1. By the decomposing coll, the 
- body going to the + pole (95). 2. By a simple cell, 
the direction of the curreut being indicated by a galva- 
nometer. 3. Of two metals immersed in an electrolyte and 
joined, the + alone is corroded. Of all the ejemeute, 
oxygen is the most negative, ccesium the most positive. 
» metals generally are positive to the non-metallic 
bodies. Acids, and all corrosive agents, are negative, 
i>ases positive. 

No absolutely accurate scale of the relative electrical pmition 
of the elements can be made. The direction of the current in a 
ingle cell varies with the eleotroljte, and the cotDpuunds of 
ome of the elements, as nitrogen, have not as yet been decom- 
posed. 

The fallowing list Is approximate only; each element is posl- 
,ive to all below it, and negative to all above ; the less important 
elements have been omitted. 

ElMtro-Chemicol Order of tlie Fiinelpal Elenenti. 



Sleetro-ne^ative. 
Oxygen. 

Fluorine. 
Chlorine. 



I Bromine. 

Iodine. 

Nitroeen. 
I Suiphur. 
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Lead. 


Arsenic. 




Cadmium. ^^— 


Chromium. 




Cobalt. ^H 


TungRteo. 




Nickel. ^M 


B.,r.rn. 




^M 


Carbon. 




Zinc. ^H 


Antimonj. 




Manganese. 


Silicon. 






Hydrogen. 






Guld. 




Calcium. 


riatinum. 




Strontium, 


Mercury. 




Barium. 


Silver. 




Litbium. 


Copper. 




Sodium. 


BiBmuCh. 




Polaeaium. 


Tin. 




Electro-poiitivo. 


The two n 






^^m TaKBE Teums Rblativk.— 


As wo know of no absolu 



positive or negative state, we speak only of a body in 
reference to some other combined wjth it. Thaa, zinc ib 
ni'gatii'e topotaBsium but jioaitive to tin, which again is 
positive to gold, Chlorine is positivu to oxygen in hypo- 
ehlorous acid, CIO, but negative to hydrogen in bj'dro- 
chlorie acid, HCl. 

165. Voltaic Protection of Metals, — If a pUte of zinc 
and one of copper be exposed to a nioist atmosphere, they 
will both, after a time, rust; if joined together, the copper 
remains bright. In the second case a simple voltaic cir- 
cuit is formed, the electrolyte is polarised, the non-corro- 
sive hydrogen atoms face the — copper, and vice versa. 
This principle is applied in Dr. Hare's lightning-rod (93), 

Other illustrations may be mentioned. A tinned basin rapidly 
corrodes when the coating is scrntched through, because iron ib 

Kaitivc to tin ; if coated with zinc, which is positive to iron, the 
;ter metal is preserved {galyanised iron). Iron-clod vessels 
speedily foul and corrode in salt water, because of impurities in 
the iron causing local action (97), and Btill more rapidly when 
they are coppered below the water-line only, or when copper 
pipes pass through them. 
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166. Electrotype. — This is the name given to the art of 

cold casting of metals by electricity. As the metals are 
electro-poaitive, they will deposit from solution upon a 
conductor attached to the negative (zinc) pole. By 
proper mauagemtnt they may be obtained of any desired 
thii^kaess, amorphous and bright, or dead. A gentle 
current, not enough to evolve hydrogen at the — pole, is 
required. The process is largely employed in the arts, 
not only for plating and gilding, but for copying maps, 
engravings, and medals, facing type, eto. 

In silver plating, a, Bolution of cysnido or oxide of silver is 
made in cyanide of potaBsium. To the + pole is attached a 
plate of silver, to the negative the ohiect to be plated. A feeble 
current is passed, the cyanide of silver is decomposed, the — 
cyanogen* oombiQin^ with the silver pole, and a correaponding 
quantity of Bilvei being depositad upon the object at the nagar 
tiVB pole. Suppose the object to be plated to be of copper, flia 
change may be represented as follows; 



. II. DECOMPOSITION BY SUPERIOR AFFINITY 

167- This may be divided into single and double de- 
composition. 

Single decomposilion takes place between three bodies, 
two of which are united, the third by combining with one 
of these liberates the other. The general expression of 
the change is : 

+- ± +— + +— + 
AB-|-C=AC+ B or CB+A. 



Thug when potasaii 
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thron-D upon water (152), 
+ —++- + 
HO+K^KO+H; 
or when sulphuric acid is added to carbonate of Boda, 
+ - — + — ~ 
NaO,00,+ SO.=NaO,SO,+ CO,. 
The water of the sulphuric acid is omitted for the Bake of m 
plicity ; it doee not enter into the reactioa 

168. Doable Decomposition takes place between 
pairs of elements or binaries (153). These mutually ii 
terchange constituentB. The general formula is: 

+- +- +- -4— 

AB-1-CD=AD+CB. 

Thus, when solutionB of sulphate of potnasa and nitrate of 

baryta are miied, a white cloud {precipitate} falle. This is 

sulphate of barjto, nitrate of potaaiia remaiuing iu Bolutjon, 

+ -+-+-+- J 

BaO,NO.+ KO,SO,=BaO,SO,+ KO,NO.^* S 

It IB obviouB that both acids and baHen at the time of the intet>^ 
change arc in a nascent state (143), hence we get many com- 
pouDUB by double decompoeitiun eicluaively. 

169. Tbe circumstances moafc prominently affecting 
these forms of decomposition are insolulUity, volalitity, 
and mass. 

170. Insolubility. — Where the compound of any two of J 
the constituents of two given soluble compounds is insow^ 
uble, that compound will be formed ou mixing 1 
Hence it is not possible to give lists of the relative Btrengl 
(so called) of the various acids and bases, for an acid o 
base may be driven out of combination by one much more 
feeble in the ordinary sense of the term, provided the cir- 
cumstances modifying decomposition come into play. 
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BaO,NO.+KO.HO=BnO,IlO+KO.S<C But it tidphurie ncaA 

b« combiaed with putasaa, the baryta will form an imoliibla 
compnund with it and dinplBce the polAmR, KO.SOi+BaO.HOsa 
fiuO, SO,+ K0,H0->. 'This fact la applied in testing in Um 

hiunid way {17-1). 

111. Volatility, — At the aame temperature where 
affinities nre nearly bolaace'], the more Bzed body will dim 
place that which is the more volatile. Hence, compounds 
of gaseons acids and bases, as carbonic acid and ammonia, 
are easily decomposed. And at high temperature, com- 
paratively feeble fixed acids, as boracic, silicic, and pho»* 
phoi'ic, will displace the strongest. 

Carbonic acid, which is a ehh nt ordinary tcmperatare, !■ 
drifen out of combination bj all other aoide, except the hydr»- 
nyanic ; under favorable ciFcumBtanoea. as when in solutiaa 
under pressure, it sliowB the properties of a powerful acid, di«- 
Bolving rocks which are unaffected by all other acids eicept the 
hydrofluoric. Boracia acid has no sour taste, and barely red- 
dens litmus; it is, perhaps, at ordinarv temperatura, tbo feeblert 
of acids, but nt a red heat, above which it volatilises, it will 
drive sulphuric acid, which boils at 640°, from its combinatiooB. 

172. Mass, — The quantity of material will sometimes 
determine the direction of chemical change. If we pass 
steam over red-hot iron filings, the oxygen of the vaponf 
of water will unite with the iron, and hydrogen will pasB 
over. If this be collected and the steam generator d».- 
taehed, upon passing the hydrogen back over the red-hot 
oxide of iron, it will take up its oxygen, reform eteau^ 
and leave metallic iron. 



ANALYSIS 

May be divided, according to its object, into Qaalilatiiia 
and Quantitative, and, according to the method pursued^ 
into vxt or kiimid, dry, by the balance and volumetric. 

113. Qualitative Analyslfl seeks only to determined 
tlie nature of a body. Often a Iwdy may be recognised 
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by ita physical properties, such ds colour, lustre, tasta 
Bmell, Bolubility, hardness, crystalline form, and Bpecific 
gravity. 

Tliua the mitieraln^at can distinf^uich moat of his specimen^J 
and even their localities. In the dry nay ire are assisted bj thvf 
blowpipe (212). The behaviour of a. body_ in the outer- (oxydi«> I 
ing) or inner (reducing) flame, the olour given to fluxes, enables 1 
UB to decide on its character in a rapid aud satisfactory n 

174. Liquid Tests. Rea^nts. — To determine the prea-' ' 
enco of a body in solution, wo haye only to add an- 
other which contains a substance capable of forming aa 
insoluble compound with one of the constituents of the 
former. A|>recipiia/e falls (168), and by its colour, solubility 
or insolubility in excess of the reagent, or in other re- 
agents, the nature of the body may be determined. Tblff 
method is applicable where we are seeking to detemuWJ 
simply the presence or absence of a body without regai "' 
to the nature of those with which it may be associated^' 
When all the constituents of a body are to be determined, 
we have to proceed in a more complex manner. A dia^ 
iwsis by exclusion is a preliminary st«p, adding a reagent, 
as sulphuretted hydrogen, which precipitates a very large 
nnmber of substances. The absonce of a precipitate at 
once excludes these and narrows the inquiry to that e: 
tent In case of a precipitate, the colour, etc. are noted,- 
and by successively applying other reagents a final coo^ 
elusion is arrived at. 

Examplei. — If to a Bolution suspected to contain copper n. 
add ferroojanide of potassium (340), the absence of a preoipi- 
tate or tho presence of n brown one would be denisive. If t« 
water supposed to be impure we add eulphydrate of ammonia 
(3S0), the appearance of a black precipitate indicates the pres- 
ence of either lead, tin, bismuth, mercury, cobalt, nickel, silver, 
gold, platinum, iron, copper, or uranium. To determine which 
of these is present, other reagents niust be used. The teste will 
be given with the various elements and compounds. 

1T5. Delioaey of Tests. — The delicacy of a litiuid test 
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depends (1) upon the ineolubility of the precipitate 
npon its opacity. If we add sulphuric acid to a soluble 
salt of lime in strong solution, we get a, precipitate of sul- 
phate of lime ; but if the quantity of water be greater than 
400 times the weight of the sulphate of lime formed, it 
will dissolve as fast as formed. Magnesia and aluminfi 
are very insoluble, but form gelatinous opalescent precipi- 
tates which may escape the eye, while those formed by 
sulphuretted hydrogen or ferrocyauide of potassium with 
the heavy metals are very opaque, and will be visible even 
when in very small quantity. In comparing the delicacy 
of tests, we always suppose the same quantity of solvent 
to be used. In certain cases, (snlpbocyanide of potassium 
with salts of the sesquioxide of iron, for instance,) no pre- 
cipitate is formed, but a distinct colour which forms somo- 
times B very delicate test. 

116. Spectral Analysis. — By passing the light of a flame 
through a prism or series of prisms, a spectrum is obtained 
(30). That of the sun is intersected with numerous linea 
(Fraunhofer's lines). If into the flame we introduce a 
loop of wire containing a small portion of a ' combustible 
or volatile body, a line or lines make their appearance. 
These lines are constant in their position and colour for 
the same body. Where the light from one substance 
placed in the flame is caused to pass through its own 
flame, the two neutralise, and a bla«k line ia seen. All 
bodies do not yield satisfactory spectra. 
The dolioaoy of thiB test ia very great. Bunsen and KirchoS', 
B principally owe ita discovery, calcalated that they 
^ "^ ~ lanjurue "f a grain of Bodium. Thr 
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had detected the s„„ .„„, 

metals Ccesium, Rubidiam, Tballium, and Indium were discov- 
ered by ita means, and obseTvers are now making inTesticatioDa 
into the probable conatitution of the aun and stars by its aid. 
It is stated that the position and colour of the lines vary, in 

ne oases, with the temperature. 

lit. Quantitative Analysis seeks to determine not 
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only the nature of a body, but the exact amount or quautity 
of its coDstttuents. It requires congidernblc c^>ericDee 
and the most oonacicintiaus and scrupuloas care to obtain 
reliable reEults, Of the wet way, by weig^ht, the genera] 
etepamay be thos stated: 1. Weigh tho body; 2. Dissolve 
it chemically ; 3. Precipitate and wash ; i. Dry, weigh, J 
and calculate. 

To hike ft simple example, A weighed portion of silver coil 
acted on bj nitrio acid by the aid of heat as long as red fumes 
are ^iven off. To the filtered solution is added pure hydro- 
chloncacid as loag as anyprecipitatefalla. Thisispat on a filter 
and thoroughlv washed with distilled water ; tlie precipitate Im 
then dried and weighed. It consistB of chloride of silver, AgCl. 
As tho equivalent of chlorine is 355 and of silver 108, we can 
readily calouUte the amount of the latter present. Thus, if the 
precipitate weigh 100 groins, 143-5=108 ; : 100 : 82-28 graina 
of eitrer. 

173. Volnmetric Analysis. — This is a rapid method, but 
of comparatively limited application. It depends upon 
noting the quantity of a solution of a reagent of kno\s-n 
strength required entirely to precipitate or nentraJiee the ' 
substance under investigation. 

This method will he heat understood by the example of the 
assay of silver coins. The solution used is of oommon salt, of 
wfaieh 642-74 parta are required to preoipitAte 1000 parts of 
silver. The strength of the Bohition is such that a given meas- 
ure (French decilitre=3-381 f 3} shall contain 542-74 thousandths 
of a gramme (15.433 grs.). A second solution of one-tenth of 
the strength of the first is also prepared. The coin is acted on 
oy nitric acid, which dissolves both the silver and copper. One 
measure of the solution, of course, precipitates 1000 parts by 
weight of silver, the copper being nnaSected. If any silver 
remain, an equal measuro of the decimal solution is added, 
which pracipitBlesthe roJaa part additionally of silver, and it is 
thus added as long as any precipitate is observed. As a \&rea 
quantity of the solution may be prepared at oace, the only 
weighing required is that of the coin, of which so much is taken 
that it should be almost entirely precipitated by the first addi- 
tion, if at the lowest allovrahle standard. 

179. CnpellatloiL is used only in the separation or 
Bflsay of gold and Bilver. A email cup (cupel) of bone 
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ash is prepared ; the alloy is enclosed in lead and placed 
in the cupel, which is exposed to a draught of air at a 
high temperature. The whole melts, the lead oxydises 
and soaks into the porous cupel, carrying with it the other 
metallic oxides, leaving a bright button of silver, or of its 
alloy with gold, as the ease may be. In the latter case, 
the silver, which must be at least three times the weight 
bt the gold, is afterwards removed by warm nitric acid. 
When too little silver is added, a portion escapes the 
action of the acid. 

11 . 



PART III. 

CHEMISTRY OF THE ELEMENTS. 



TABLE OF THE ELEMENTS. 

180. NoTB. — Those in eapitals are important; those in italics, less so; 
and those in ordinary type, unimportant in Medical Chemistry. 



XLVMENT. 


SYMBOL. 


KQUITALIMT. 


Oxygen, 


0, 


8- 


Hydrogen, 


H, 


I- 


Nitrogen, 


N, 


14- 


Carbon, 


c, 


6- 


Sulphur, 


s. 


16- 


Selenium, 


Se, 


40- 


Phosphorus, 


P. 


81- 


Chlorine, 


CI, 


85-5 


Iodine, 


I, 


121- 


Bromine, 


Br, 


so- 


Fluorine, 


F, 


ls- 


Boron, 


B, 


11- 


Silicon^ 


Si, 


21- 


Potassium (Kalium), 


K, 


39-00 


Sodium (Natrium), 


Na, 


23- 


Lithium, 


L, 


7- 


Coesium, 


Cs, 


183- 


Bubidium, 


Bb, 


85-36 


(122) 
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ELEMENT. 


SYMBOL. 


EQiriVAlBST. 


Thalliom, 


T, 


204- 


Indium, 


In, 


3592 


Barium, 


Ba, 


G8'5 


Stroniium, 


8r, 


43-7 


Calcium, 


Ca, . 


20- 


Magnesium, 


Mg. 


12- 


Aluminum, 


Al, 


13G9 


Glucinum, 


Gl, 


26-60 


Zirconium, 


Zr, 


33-62 


Yttrium, 


Y, 


32-20 


Erbium, 


E, 


T 


Terbium, 


Tb, 


? 


Thorium, 


Th, 


59-59 


Manqanebe, 


Mq, 


21-5 


Iron (Pemim), 


Fe, 


28 


Chromium, 


Cr, 


26' 


Mcket. 


Ni, 


29-5 


Cobalt, 


Co, 


29-5 


CoprEK (Cuprum), 


Cu, 


3166 


ZiNO, 


Zn, 


32-52 


Cadmium, 


Cd, 


5G- 


Lead (Plumbum), 


Pb, 


103-56 


Tin (Stanaum). 


Sn, 


59- 


Vanadium, 


V, 


68-4 


Tungsten (Wolfram), 


w, 


92- 


Molybdenum, 


Mo, 


48- 


Tellurium, 


Te, 


64-5 


Bismuth, 


Ei, 


210- 


ABaENlO, 


As, 


75- 


Ahtimony (Stibium), 


Sb, 


122- 


Uranium, 


^. 


60- 


Gentim, 


Ce, 


46- 


Lantanum, 


Ln, 


46- 
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BLEHENT. 


THBOL. 


EQUIVALENT. 


Didymiutn, 

Titanium, 


D. 
Ti, 


48- 
25- 


Tantalum, 


Ta, 


68- 


Mobium, 


Nb, 


48- 


Mercury (Hydrargyrum), 
SiLVEB (Argentum), 
Gold (Auram), 
PlaHnum, 


ng, 

Ah, 
Tt, 


100- 
108- 
98- 
88-3 


Palladium, 


Pd, 


53-2 


Iridium, 


Ir, 


98-5 


Osmium, 


Os, 


99 '5 


Rhodium, 


R, 


SS' 


Huthenium, 


Ru, 


52- 


OXYGEN, 0=8. 





181. Natural Sources. — It forms about one-fiftii of th« 
atmosphere, eight^-nintha (by weight) of water; exiatB in 
all rocks, most ores, and in all animal and vegetable aiib- 
stances. It is estimated to conBtitute three-fourths of the 
matter of the earth. 

Preparatioil, — Heat chlorate of potassa to redness; is 
given off and chloride of potassium remains. K0,C10s= 
KCl+06. The addition of one-fourth, by weight, of black 
oxide of manganese, MnO„ or of one-tenth of anhydrous 
sesquioxide of iron, FejO, {Colcothar), causes the gas to 
be evolved more regularly, and at a lower temperature 
(159) ; it is then not so pure. 

Manyother procesaes have been suggested ; the above is, almost 
uniTeraallv employed. The " orygenesia " of Meaars. Rob'biiis, a 
mixture of binoiide of barium, BaOi, and bichramat« of potaasa, 
KO,2CiO|, evolves O, at ordinary temperature, on ths addition 
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of a dilate aoid. If tha compound could be sold at a moderate 
priae, it would do much ton'arda the introduction of this element 
into mediciil use. 

182. HanipiilatlDii of Gases, — The pneumatic trough 
consists of a cistern provided with tanks, which are closed 
above and open below, and are furnished with suitable 
stopcocks ; in these conBiderable amounts of gases may be 
stored. To collect smaller quantities, the receiving vessel 
is filled with water by immersing it so as to allow the air 
to escape ; if its lower edge be kept under water, it will 
remain filled. It is then placed on a submerged shelf, 
Which may bo perforated to admit of the delivery tube 
of the generating apparatus, or the edge of the jar may 
project slightly with the same object. The water is sus- 
tained in the jar by atmospheric pressure (193); as gases 
are lighter than water, a bubble admitted into the jar rises 
to the top, and allows an equal volume of water to fall out, 
and thus the gas will gradually fill the jar. To transfer 
gases, it is only necessary to put the mouth of the jar filled 
with gas slightly below that of one filled with water, be- 
neath the surface of the cistern, and incline the former. 
The gas will pass up and displace its volume of water from 
the second jar. Gases soluble in water may be collected 
over mercury. When very light or very heavy, they may 
be conveyed to the top or bottom of the jar, aud thus 
displace the air, as in the case of hydrogen and carbonic 
ftcid. 

In the absence of a pneumatic trough, a gas may he collected 
in a large tumbler over a soup-plate. The tumbler being filled 
to the brim, a piece of card or thick paper ia »lid ovKr the mouth ; 
it may then be inverted into the plate filled with water, without 
the liquid falling out.' A bit of wood at the bottom of the plate 
will serve to keep the edge of the tumbler sufficiently elevated to 
allow of the introduction of the delivery tabe. The plate will be 
ant to overfiow when the water of the tumbler paseeB oat; tliia 
he easily provided against. Where jara are too largo to be 
dipped into the pneumatic trough, they may bo filled by auotion. 
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Tied to the top of the jar, or floated 

. by a cork or bit of wood ; the ^r ii 

thes drawn out by the luiiKs or a pump. Where a slight admix- 
ture of air is not objectionable, nearly all gasea may be collBoted 
hj aimple displacement of the air uf che receiving vessel. Large 
globea of oxygen for the lecture-table are thus filled. 

183. Properties of Oxygen. — A permanently elastic, in- 
odourous, tasteless, transparent gas; e. g. HOG ; water at 
60° dissolvca 3 p. c. ; the most magnetic of gases ; combus- 
tibles burn in it with increased brilliancy; it is the only 
supporter of animal life. 

Physiological Effects. — It acts as a stimulaat, quickeo- 
ing the pulse and respiration, causing after a time fever 
and death. It converts the venous into arterial blood. 
Its therapeutic uses have not been satisfactorily deter- 
mined, except in aniemia, in which Trousseau* recom- 
mends highly its inhalation to the extent of sis to ten 
quarts a day. As air contains but one-fifth of its bulk 
of this vital agent, it is obvious that its inhalation in cases 
of suspended animation might insure a favourable result in 
an otherwise hopeless subject. 

184. General Chemical Relations. — It combines with all 
the elements except fluorine, and with many of them forms 
more than one compound (oxide). When the process ia 
unattended by the evolution of light, it is termed oxida- 
tion; (rd"Bting, fermentation, respiration and decay are in- 
cluded under this head ;) when light and heat are feebly 
evolved, it is known as slow combustion, as the glow of a 
stick of phosphorus or a damp match in air; when with 
vivid light and heat, we have ordinary combiuition. 

These actions differ only in degree ; the heat in oxidation and 
alow combustion paseea off as rapidly as it ia formed, and ia not 
iensible to ordinary obaervatioD, but may accumulate and pass 
into ordinary combustion, as in the cases of masses of rusting 
imn or oiled ragB. Oxygen is not essGntial to combustion, which 
may take place in chlorine, etc. In the broadest sense, all 

• CIJM>'< Jlniienle, I. TIL, p. BS. 
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chemical combiQatioD where an elemcTit 
combustion, although it, is goneraily 
attended hy lii/IU and heat. 

Characters of Oxides. — The Jower oxides (protoxides, 
sesquioxides) of the metals are bases ; the higher oxides 
of the elements generally are acids ; the lower oxides 
of the non-metallic elements are acid or neuter. The aea- 
quioxides sometimes combine 'with protoxides, acting as 
quasi acids. 

Thus MdO. protoxide of matiganeBe, is a trcll marked base, 
Mn,0, a feeble baas, MnO, neuter ; MnO, and MniO, are acids. 
Sulphur, aelenium, and tellurium, have also the property when 
acting as electro-negative constituents of forming both acids and 
bases. The name amphigen (Or. ampki, both, and gennaS, I 
produce] has been applied to tlus group. Thus we may have 
KO.AsOh arsenite of potassa, an oxvgen salt; KS,As^, sul- 
phur salt; KSe.AsSci, selenium salt; KTe,ABTe„ tellurium salt. 
The same amphigen exists in the acid and base ; an oijgen acid 
will not unite with a sulphur base. The selenium and tellurium 
salts are unimportant, 

185. Ozone. — When electrical sparks are passed through 
dry oxygen, a small portion, not more than two per cent., 
is converted into an allolropic form (that is, an identical 
body, but having different properties), called ozone. This 
change is also produced during the slow combustion of 
phosphorus in air, or 0, and during many chemical changes. 
Nascent (143) O contains a large proportion of ozone. 
— Properties. It has a peculiar odour resembling fresh- 
boiled lobster (Ho uzeaux}, is four times as dense as ordi- 
nary O (Andrews), and is the most powerful oxidising 
agent known. At ordinary temperatures it oxidises silver, 
consumes organic matter, bleaches, and decomposes iodide 
of potassium. It is converted into ordinary 0, at tem- 
peratures above 212°. It is present in the atmosphere in 
varying amounts, being absent in foul localities. — Tests. 
Paper moistened with a mixture of starch and pure 
iodide of potassium becomes blue by its action, and 
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sulphate of manganese is decomposed by it, causing paper 
immersed in a dilute solutios of the salt to become brown. 
These testa are not entirely satisfactory. 

Sahonbein believea that eiista in two polar conditione, otont 
and antozoiie, wliiuli, when united, form ordinarj 0. The fur- 
Dier is evolved from the higher oxides of chroniam, maDgnnBtie,' 
Bnd lead, the latter from binoxides uf hydrogen and barium. 
These views are strengthened by the recent experiments uf 
Meiasner* and BaudrimoDt,f but cannot be oonsidered as con- 
firmed. S(ihiinbein, the discoverer of oaone, and who has spent 
years in its investigation, himaeir admits that as yet neither ozone 
nor antozone have been obtained separate from ordinary oxygen. 
Permanganate of pota«sa, E0,Mdi07, in solution either atone or 
with the addition of sulphuric acid, is a oOnvenient source of 
ozonised air. 

HYDROOEN, H=I. 

186. Natural Sources, — Water, animal and vegetable 
substance a. 

Preparatioa. — By removing O from water, HO ; practi- 
cally by tbe action of dilute sulphuric acid upon commer- 
cial Zinc, Zn+nO,SOs=ZnO,SOT+H.J Being thirteen 
times lighter than air, it may bo collected by displace- 
ment, the delivery tube passing to the top of a jar held 
with tbe mouth downward. 

Tbe splf-regulating generator of Dr. Hare is useful in all eases 
■where gases are evolved without the aid of heat. A cylinder 
has within it a bell-glass, mouth downwards, furnished with a 
Btiipcock, and supported on a frame. The linc in the case of H 
is suspended or supported within the inner jar ; acid water is 
poured into the outer one ; the stopcock being open, it fills both 
to the same level, and acts upon tne zinc- When the air is ex- 
pelled from the inner jar, the stopooclc is closed ; the accumulat- 
ing gas drives the liquid out of the inner jar, and the zinc being 
no longer acted upon, all aotiun ceases. When the stopcock is 
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Properties. — A coloorlesa, iuodouroua, taBteless, trana- 
porent, permanentlj elastic gas ; S- g. '0069 (the lightest 
of kuowa bodies); inflamntable, reepirablo when dilated 
with air, but not a supporter of Jife ; water dissolves 2-5 
per cent. "When mised with in nearly atomic propop* 
tiona and ignited, violent explosion ensues ; when the two 
are burned gradually at a jet, an intense heat is produced 
(the conipound blowpipe). Its physiological effects are 
unimportant. 

GbBmical Relations. — Is the most electro-positive of the 
non-metallic bodies, and resembles the metals in many 
respects. It is replaced by them in combioatloD. When 
nctiDg as an electro-negative body, it forms hydrides. 
With 0, it forme water, EO, and HO;, binoxide of H. 

WATER, H0=9. 
181. Natural Sonrces. — The sea, rivers, wells, springs, 
the atmosphere, organic bodies; is formed during the com- 
bustion of hydrogen, and of all bodies containing it. 

Water ib uniTersiill; diffused through nature. Even rocka of 
cDuaiderable harduoaa, as limeatone and aaudBtone, loae a large 
percentagB on drjing. The body af man conaiatB of from two- 
thirds to three-fburtha of water ; the medusie or jellj-fiah con- 
tain OTer 99 par cent. PotJitoes contain 75 per cent.; turDips 
90, water-melooa 94, and cucumbers 97 per cent, of water. A 
cubic fuob of air at 60°, sati^rated with moisture, coataina 5.756 
^ grains. 

^fe Properties. — A transparent, inodourous, coIou];leBS| 

^M tasteless liquid, solid below 32° ¥., and boiling at 212" 

^1 P., at 30 in. Bar. Is compressed zTi-n-^-UTin "i ^^^ ^7 ^^^ 

^M pressure of one atmosphere, 15 pounds. Is taken as the 

^B standard of specific gravity of all soUds and liquids. One 

^B cubic inch weighs, at 60° F., 259*5 grains; is 815 times 

^1 heavier than air. It is tt)e most universal of all soWonts. 
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188. Impnrities. — Water always contains air, and fre- 
quently carbonic acid in eotutton. As O is more Bolable 
than N, disBoIyed air is richer thaa the atmosphere in the 
former. It is found exceedingly difficult to obtcUn water 
&«e from air; when it is removed by boiling or the air- 
pump, it is almost instantly reabsorbed. Rain-water, 
which is distilled from natural reservoirs, as rivers, lakes, 
and the sea, is the purest natural form of water, when 
collected at a distance from habitations. It usually con- 
tains nitrates, probably formed during evaporation from 
the nitrogen and oxygen of the air, or from the combina- 
tion of these elements under the influence of atmospheric 
electricity. "When collected near habitations, it may con- 
tain ammonia and organic matter. When rain falls upon 
the surface of the earth, a portion runs off, and the re- 
mainder penetrates. Owing to the inclined position of 
the strata, or layers of the earth's crust, it may sink to 
considerable depths, and be exposed to great pressure and 
increased temperature. It thus, by the aid of dissolved 
carbonic acid, COj, exercises considerable solvent power 
upon the constituents of the rocks,* and when it issues 
through natural or artificial openings (springs, wells, etc.), 
is more or less charged with mineral matter. On expo- 
sure to the air and surface drainage, it is further contami- 
nated by organic matter. Hard water contains lime in 
solution, as sulphate, CaO,SOs, or carbonate, CaO,CO,. 
Svlphur waters contain sulphuretted hydrogen, HS, prob- 
ably derived from the decomposition of pyrites ; and min- 
eral waters various salts, generally with an excess of car- 
bonic acid. Sea-water contains 2-1 per cent, of common 
salt, NaCl ; -04 per cent, of chloride of magnesium, MgCl ; 
03 of sulphate of magnesia, MgO,SOo; '02 of sulphate of 
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lime, OaO.SOj; with smaller proportions of chloride of po- 
tassium, KCl ; bromide of magnesium, MgBr ; carbonate of 
lime, CaO,COj ; with traces of iodine, ammonia, and silver. 

Tats. — Dr. Clark's soap tat LndicateB approiiniatelj the hard- 
ness of water. Aa alcoholic Bolution of soap ia prepared and 
teaWd by a Holution containing a known quantity of lime. This 
is added by degrees to the water to be tested until the bubbles 
formed become persistent. From the quantitv of soap solution. 
used the amount of lime in the water is found. Penaangaaatt 
qfpotassa, KO.MhiO,, indicates the presenoe of organic matter by 
the loss of its oolour, and according to Dr. Wood,* one grain of 
crystallised permanganate ie decolourised by 5 grains of organic 
matter. This result can only be cansidered as aa approiima- 
tion. The preseace of infusoria does not indicate a high degree 
of impurity ; they are absent in very foul water. 

189. Purification. — Water, to a certain extent, is purified 
by TuUural agencies; on escaping into the atmosphere, 
carbonic acid, COj, escapes, and the earthy and metallic car- 
bonates held in solution by that gas are deposited. In 
certain cases the soluble salts ia different streams which 
meet mutually decompose each other, forming nearly insol- 
uble compounds. (Example: Carbonate of lime and sul- 
phate of iron in the tributaries of the Schuylkill, FeO.SOa 
-|-CaO,COi=FeO,CO,-|-CaO,SO,.) 

Thus, river water is freer, on the average, from saline 
ingredients than that of springs. Organic maUer» par- 
tially subside and arc consumed by aquatic plants and 
animals and destroyed by the ozone giv^en off by the former 
under the influence of sunlight The small quantity of 
mineral ingredients in ordinary river water cannot be con- 
sidered as injurious to health. When v/aXet freezes, dis- 
solved matters separate, and the water obtained from melted 
ice (even that formed from sea-water) ie pure enough for 
ordinary purposes. Water is purified artificially, (1) By 
filtration or subsidence which remove suspended matters, 
«a fine particles of sand, mud, etc. Charcoal filters will 

■ JaAraal Oktmiial Socitlji, Uuoh, 1883. 
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also remove certain dissolved organic matters (206). 
By distillation, which gives, when carefully conducted, 
pure water. 3. By boiling, which disengages carbonic 
acid, COa, and thus forma the deposit of the leas soluble 
carbonates, i. By the addition of substances which act 
chemically or mechanically. 

Solution of permanganate of potaMU, KO,Mii^i, added to 
water containing organio matMr, will purify it rapidly and 
harmlessly ; a. very slight pink tinge indicates that all arEanio 
matter hna disappeared. This may be removed by insertmg a 
clean stick for a few moments. Fininffs, such as gelatine, 
white of egg, etc., act mechanically by einking and carrying 
down fine suspended matter. Alum, in small quantity, com- 
bines wiih organic matter, and, aa the compound sinks, carries 
down suspended particles. Carbonate of eoda, NaO.OOi, chloride 
of ammonium, NHfCI, vegetable astnngents and molaases act 
chemioallj in deeompoeine salts of lime, and are used to prevent 
incruBtations in steam-boirers. Citric acid or lemon-juice added 
to hard water will correct its purgative tendency. 

190. Chemical Relations. — Although neutral to test 
paper, water combines energetiealiy. With acids, it acts 
as a base, HO, SO,, and with bases as an acid, KOrHO, 
with this important difference, that it does not neiUralise 
but rather enhances the chemical power of the body. It 
is indeed the essential medium in chemical combination at 
ordinary temperatures. It also combines with salts. Its 
combination is usually attended with evolution of heat, 
and when combined it cannot be driven out at 312° P. 
The combinations of water are called hydrates (Gr, hudoT, 
water). 

The anhydrous acids are mostly destitute of chemical action j 
the same is true of bases, though both greedily take up wtttar 
(with certain exceptions] and become hydrates. The water of 
an hjdrated acid or base doei not uflually enter into combina- 
tion, KO,IIO+HO,SO,=^KO,SOj-f 5nO. While the combination 
of water is attended with an elevation of temperatare, a depres- 
sion is obnerved during Eolotion. Thus, when lime is tlaked, 
heat is erolved ; when Epsom salt is dissolved, the liquid ii 
cooled. 
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Water of CryBtallisatloil ia not chemically combined; it 
may be driven off, in which case the body loses its crys- 
tallised form, but is not chemically changed ; water chemi- 
cally combined, constituent water, cannot be removed 
without decomposition. 

Crjatnlliaed osalie acid, H0,CA-{-2H0, uiny InTe the two 
equivalents of water of crystallisatiou driven off, and will reerys- 
tallise unchanged; if the basic water be renioved and not re- 
placed bj a base, it is decompoBed into earbouio oxide, CO, and 
oarbonic acid, C0|. 

191. OiTiciNAi. FoBMB. — (a) Aqua. Natural water, 
in its purest attainable state; (b) Aqua destillala. Take 
80 pints of water, distil 2 pints and reject ; then distil 6i 

The term J^ua, U. S. P., signifies a gaseous or volatile 
body dissolved in water, as Aqua chlorini, Aqua cinna- 
momi. Liquor, a solution of ajixed body, as Liquor po- 
tassBB. 

Definitionb. — Maceration, the long-continued soaking 
of a body in water at from 60° to 90°. Digestion, the 
same in hot water. Infusion, subjecting a body for a 
short time to the action of hot or cold water, or the result 
of the process, Inftjbum, TJ. S. P. Decoction, boiling a 
body in water, or the result of the process, Decoctum, U. 
S. P. Filtration, separating an insoluble body from a 
liqnid by means of a porous medium; the liquid which 
passes through is called tho Jiltrate. Edvlnoralion or 
displacement pouring upon tho solid mattci* left on the 
filter a supply of menstruum whereby that remaining in 
the solid is displaced. Lixiviation or leaching, pouring 
water npon a porous solid mass, whereby any soluble 
matter is washed out, aa in making lye from ashea. 
Levigation, rubbing a body to fine powder. Elutriation, 
throwing a powder into water; tho coarser particles settle 
first, the finer ones remain suapended, and may be sepa- 
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lately aolleeted. DecanCrUion, pouring off a liqoid from 
ft precipitated solid, or drawing it off with a syphon "*• 
pipeUe (195). 



NITROGEN, N=14. 

192. NatttKdSoareea.— The atmosphere, native nitrates, 
most animal and many vegetable substances. 

Preparation, — By burning PHOSPHoaus in confined air, 
over water, the oxygen of the air is consumed. Phosphoric 
acid, POb, is formed and dissolved by the water. 

Properties, — Generally negative. la without colour, 
taste, smell, or poisonous effects. Is permanently elaallio, 
does not support combustion or animal life. S. Q. ! 
Water dissolves I'47 p. e. 

General Chemloal Belaticma. — Has feeble affinities, and 
unites directly with but few bodies ; indirectly wi 
forming compounds of the highest importance. With O 
forms five compounds : Nitrous oxide, NO] i NUrii; otcidff,, 
NOj; Nitrous acid, NOa; SyponilriG acid, NO,; NiisiO 
ACID, NOsi — with H, Ammonia, NHa, We have also the 
Atmosphere, a mixture of N and with other g^ees and. 
vapours. 

THE ATMOSPHERE. 

193. Extent, Density, and Weight — Is supposed to ex- 
tend about 50 miles above the surface of the earth ; it» 
density is inversely as the square of the distance from that 
surface; at 2-7 miles one-half, and 5-4 miles one-fourth, 
etc. One hundred cubic inohea at 30 in. Bar. and 60° F., 
weigh 30829 grs. Thirteen cubic feet of air weigh a, 
pound avoirdupois nearly. Air is assumed as the 
standard of s. g. of all gases and vapours, and is taken as 
1000. The weight of 100 cubic inches of any gas may be 
obtained by multiplying its s. g. by 30-829, the weight of 
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aa oqufti hulk of air. Thus, 100 c. i. of iiitro^n= 
30-839= 29-9 66 grs. 

PressHTB. The Barometer. — The presaore of the atmo- 
sphere is due to ita weight, and is, on the average, at the 
level of the sea, IS lbs, to the square inch, ^ to a column 
of water 3i feet, or of mercury 30 in. high. The mercu- 
rial barometer is a tube about 34 inches long, sealed at its 
upper end, containing a column of mercury ; ita lower end 
is immersed in an open cistern of the same. The mercury 
is introduced in smell portions, and boiled so that all air 
»ad moisture are expelled from the tube. When it is in- 
verted, the mercury falls to the point where its weight ie 
balanced by that of the atmoEphere, and leai'es a vaouum 
space above it (the Torricellian vacuum). As atmospheric 
pressure increases, the colurao is forced up; when it 
diminishes, the weight of the mercury causes it to fall. 
These Huctuations are measured by ft scale attached to the 
Bdde of the tube near the Upper end of the column. 

In soourate obsMrations, corrections muct be ma^e for tem- 
perature, capillarity, auil the varying lerel of the mercury in the 
cistern. The aneroid barometer coHBiatB of a braSB bos, partially 
exhausted, with an elastic metallio lid, which latter is cuunected 
vitli an index, and rises or fails with the Tirying nfessure. It 
is more sensitive and convenient than the tnerouriol barometer, 
and sufficiently aGcurii,tc for ordiiutry purpneee. 

194. Maiiotte'a Law. — The volumes of aJl gases, at the 
same temperature, are inversely as the pressure; their 
density and elastic force arc dire(dty as the pressure and 
inversely as the rolume. 

ThnB, a qoart of air reduced to a pipt has the pressure on its 
surface doubled ; ita volume is one-naif, and its density twice 
that of the original. This law. altbough not absolutely trnc, is 
nearly enough so for all practical pu^Mises. 

186. Among the instruments which depend upon the 
phyaieal properties of fluids, may be mentioned the fol- 
lowing : 
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The typhon. Fig, 29. ased in demntation, ifl in its aimplest 
form B. bent tube, hsTing one leg longer tban the other, the 
length beine calcalated from the surface of the liquid. When 
filled, and the sborter leg imraeraed, the liquid in the lonEer Leg 
drops out, and the pressure of the atmosphere forces np Ihat in 
the vessel to take its place. When both ends are bent upimrds 
(the WUrtemberg ajphon). it may be kept constantly filled, and 
will act as floon as one is immersed a short distance, os thnt leg 
then becomes praotically shorter than the other, a 6, Fig. 30. 
Fig. 29. Tig. 30. Fig. 31. 





The pipetle, Pig. 31, in ifa 
simplest form is a glass tubs, 
which is filled by dipping it intn 
the liquid or bysuction. Whan 
the finger, placed on top, cIobbh 
the tube, the liquid is lield up 
by atmospheric pressure; on 
rcmtiring the finger, the liquid 
dropsout. Theyare often mode 
with bulbs, BO as to hold a, lar- 
ger quantity of liquid, and some- 
timos grad^at(^d, 

Theeoi«?iH«oMsaiD»J-tort'i!,Fig, 
32, has its cork pierced by two 
tubes, one running to the bottom. 
When filled with water and in 
verted, the liquid will flow out 
of the tube C D, on to the pre- 
cipitate in the funnel, until '* 
riHea so as to close the low 
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(^SDia^ of the tube a b. It will then ceaae until the full of the 
liquid in the funuel reopeus the tube. 

Sajefff tubes are mucli used in difltilling, The aimpleat con- 
eiets of a tube, A B, Fig. 33, reaching to the bottom of the 
vessel, and sealed at its lower end by the oontained liquid. 
Should the deliverj tube beoome obstructed, the preanure of ths 
aocnmulated gas or vapour in the retort would force the liquid 
out of the tube and prevent exploaion. On the other hand, 
ahould sudden condensation occur, cantting a partial vacoum in 
the R&sk, air irill descend the safety tube, and bubbling through 
the liquid, prevent the ragurgitation of that into whion the de- 
livery to be dips. 



Fig. 33 




Welter'a Safety tube, Fig. 34, is used where the eontenta of the 
retort are aolid, or where, for other reasons, the former cannot 
be used. Ita principle ia the same. 

The Atomiser og. st. 

is an inatramcnt 
for diffusing the 
apray of liquids. 
A vertical tube, 
A. B, dips into 
the liquid ; at 
right angles to 
its upper end, 
and close to it, 
fa a second tube, 
12* 
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C D. When air is blown througli the horizontal tube, 
the liquid risea in the vertical tube, overflows and be- 
comes mingled with the blast of air. This is because the 
pressure on the ■ snrfade of the colurim ' of liquid ia less 
wiien the current of air is passing over the top of the tnbe 
than that of the atmosphere when at rest. The latter. 
preeaing on the surface of the liquid in the containing vea- 
sel, forces it up into the tube, where, coming into contact 
with the blast, it is converted into mist. This instrument 
is variously. construcled. It is used to perfume or deo- 
dourise the air of rooms, to apply remedies to the air 
passages, and to produce local amesthcaia by cold (6Y). 

1 98. , Composition of the Atmospliere. — It contains io 
100 parts by volume, when dry, 19-10 of N. 20'90 of O, 
with about -00,04 of carbonic acid, CO,. There are also 
constantly, present moiature„am[»ouia.lN'H( (probably «a 
carlwnate), mat-sA gaa, 0^71., amj orgatjic matter, the' pro- 
portions of the iir8t-name<I elements are nearly. myanal|lp 
(134). 'The quaatityofo20'ie{allotropic oxygen, 185) varies. 
It appears to be greatest in spring and least in winter, 
to be absent in foul localities and during certain epi- 
demics, as cholera. Our information on this subject is yet 
far from reliable. Carbonic acid, owing to its low diffa- 
sive power (134), sometimes accumulates in undisturbed 
places, as wells, caverns, etc. The amount of moisture 
constantly varies; is on the average one-half of the 
amount w^essan Ui saturatfn Aim la and marsh 
gas are present in t\.ceediaf,Ij soiali pr jortion, the for- 
mer not exccoUmg 42 parts ii the million Organic mat- 
ler is most prtvaleot n^ar inhabited local ties and in close 
rooms Other gasci and vapourn may be accidentally 
present 

197 Physical Changes — The leviperature of the at- 
jsphere duninishes with the height about 1° for every 
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300 feet, although this is subject to considerable variatioa 
The snoui line is highest near the equator. The causes 
of this fall of temperature are the increased capacity for 
beat of rarer air, and the more rapid radiation and evapo- 
ration at greater elevations. The capacity of the air for 
moisture increases in a geometrical ratio, while the tem- 
perature rises in arithmetiea] ratio. Hence, cooling the 
air increases its relative humidity or dampness. When 
the aqueous vaponr arrives at its temperature of maxi- 
mum tension (58), it is deposited as fog, rain, snow, etc. 
The temperature at which moisture is deposited on a cold 
body is termed the dew point, and is lower as the air is 
drier. Instruments for determining the amount of abso- 
Inte or relative moisture in 
psychrometers. 

Air at 32° can abaorb i-inth of its -weight of watery vapour, at 
59= J,th, at 86" i'„th, and so on, so that for every 27" above 32° 
its capacity is doubled. The abaolule haraiditj of air ia the 
amount of moisture it contains ; the relative humidity, or damp- 
ness, the relation of the former to temperatnre, or tbe approach 
of moiHture to condensation. Air when damp conductB better 
than when dry, and thus produces a sensation of chitliness in. 
cool -weather ; it also retards evaporation from the surface of the 
body, and causes oppreBsion and languor in warmer seasons. 

Winds are currents of air produced by convection (48). 
They mostly arise from the unequal beating of the earth's 
surface, owing to changes of season, of day and night, 
the obliquity of the sun's rays, and the different absorb- 
ing power and specific heat of the materials of the earth's 
cmat (TS). 

198. Chemical Changes. — Combustion and respiration 
consume the oxygen, and replace it with an equivalent 
amount of carbonic acid, 00a; ^'^o watery vapour, HO. 
There is constantly given off from the lungs, skins,* and 
emunctories of animals various excreta, and Arom decom- 
posing offal a notable proportion of organic matter. When 
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the processes of nature are not restricted, these are rap- 
idly diffused {134), assimilated, and rendered harmless by 
the vegetable kingdom (156) and atmospheric o:«Dne. 
Accumulated, effete, and decomposing organic matter is 
the most fertile source of disease, and favours the spread 
of epidemics and contagious disorders. Typhus and 
cholera are striking examples. 

The prevalence of fevera and the exanthemata during tfaa 
winter, itben dwelllnf^a are kept closed, and water less freely 
used, and their comparative rarity during the eummer, can be 
seen by inspecting too bills of mortality of any large city. Wo 
have not any BAtisfactory and convenient teat for the amonnt of 
nrganio impurity in the air. The eenae of «nie11 U Huffieient, 
when it is consideratile in quantitj, tu warn ub of its pri 
and hence the useleaaness of mere deodouriaera or diaguii 



when it ia consideratile in quantitj, to wikm us of its presence, 
and hence the useleaanesa of mere deodouriaera or diaguiaeni of 
filth. Dr. Angus Smith's air-lesl conaists of a standard solution 
)f permanganate of potassa, KO.MngO,, through nhich the nir 
s drawn. The greater its impurity, the less bulk re(iuired to 



I 



I the pink colour of the permanganate. The ratio of the 

?|uanLi(ies of air required waa, in one aeries of experimente, as 
ollowa : nigh ground, 30 miles from Manchester, 176 ; open 
street in the town, 72-Tt> ; near dirty houses, 44 ; cloiiely-paDked 
railroad-car, 8.* Tiie permanganate solution is deoolourised bv 
other reducinc agents, as sulphurous acid, SOj, aud sulphuretted 
hydrogen, Hb. rhese should be intercepted before drawing the 
air through the permanganate. 

The mioTOBcope detects in the dust of rooms various excre- 
mentatiouB matter, aa exuvice of animals, portions of clothing, 
food, and in hospitals epithelial cella and lint charged wiui 
organic corpuacles.f If the air of a crowded apartment be 
passed through water, the solution acquires a disgusting smell, 
and rapidly putrefies. 

199. Antiseptics, Deodonrlsers, Disinfectants. — These 
terms are loosely used and often confounded. Aittiseplios 
are processes or bodies which prevent or retard putre- 
faction or decay, such aa drying and the use of common 
salt, which act by removing moisture ; various chemical 
compounds, as creosote, carbolic acid, chloride of line, 

• JIlniKNiH, JnDs12, I8SS, Bri^dk A TAVi.or, Am. sd., p. tal. 
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corrosive sublimate, etc., which coagulate the putresclble 
matters ; sulphurous acid, and the sulphites, which check 
fcrmentatioa and putrefactioD, and act as oxidisers. 
Deodourisers revaovo offensive odours, generally by abstract- 
ing hydrogen. Fumigations with tar, vinegar, camphor, 
aromatic weeds aad herbs, and the like, only disguise the 
offensive matter. Disin/ectanta are supposed to prevent 
the propagation of disease. The most efficient are a high 
temperature, say 240°, and thorough cleansing. Anti- 
septics and deodourisers may act indirectly by preventing 
fermentation in organic matter, or by chemically destroy- 
ing it. The malarions miasm is destroyed or suspended 
at 32°. 

It should be remembered that while offensive odours 
warn us of the presence of injurious organic matter, they 
may not themselves be the cause, or aids of the spread 
of disease. Sulphuretted hydrogen, H8, phosphoretted 
hydrogen, PHa, and ammonia, NHj, are, when evolved in 
the laboratory and largely diluted, nearly innocuous, and 
when accompanying the complex organic substances 
resulting from decay, only warn us of their presence. 
Chlorine and ozone will remove their hydrogen, and thus 
the smell ; but unless they be in considerable quantity, 
the organic matter may remain. The miosnt of cholera, 
malarious fevers, etc., is imperceptible to the senses. It 
is probable that, after temperature and cleanliness (includ- 
ing ventilation), ozone is the best disinfectant. It is 
given off indirectly during the action of chlorine, and 
from the permanganates. Sulphurous acid, SO^, from 
Ituruing sulphur, wiU check fermentation, and is therefore 
recommended by high authority.* Carbolic acid is more 
manageable, and perhaps equally efficient. "f 

• flRiniH, SItmaM of ChtrnMry, Am. cd., p. Z!i3. 

f GnooKRS, litp'^ii «• lie C<Mlt Plrtgne. CUtm. ^eir>. No. 339. 





HBDICAI. CBEMISTBY, 

200. VentilaticHi. — The products of combustion, reapt* J 
ration, organic decompoeitaou, etc., being of higher t 
peratare than that of the atmosphere, will rise, be diCTueecl, J 
and eventually retidered innoxious. From desire of coi&- 1 
fort is cold cllmateB and seasons, and from inattention t^ I 
cleanliness, this is often prevented. Habitations am f 
closed, clothing but seldom changed, and personal and * 
other impurities allowed to accumulate. Hence results a 
large increase of disease and mortality. The problem of 
eupplying a proper quantity of fresh air of a proper tem- 
perature and moisture to buildings is one difficult of 
BoIutioQ. The most simple method of ventilation is t? i 
admit fresh air by numerous openings near the floor of thfl | 
apartment, and allow the heated, foul atmosphere to pass 
off above. The cooling effect of walls and windows iitter- 
ferea seriously with this plan; the foul air in contact with 
these colder bodies becomes reduced in temperature below 
that of the room, and falls to be again supplied to the 
inmates. Jf the openings of exit be large, the external 
air will descend and cool the foul air, besides causing un- 
pleasant draughts. The external air in winter contains 
so little moisture (196), that on heating it, unless water 
be artificially supplied, the air of the apartment is rendered 
injuriously dry. In large buildings artificially heated, the 
downward system of ventilation in which fresh air is ad- 
mitted above and the foul air drawn off below by means 
of forced ventilation, is to be preferred. Forced venti- 
lation is brought about by injecting fresh air by cowls, I 
fans, etc., (plenum method,) or by aiding its withdrawal | 
by artificial heat in the ventilating shafts, by exhausting 
cowls, the steam-jet, etc. The limits of this work will not 
allow of a full discussion of the subject; in each case 
much must depend upon a knowledge of the laws of heat, 
and on the part of the adviser, his judgment in their ap- 
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plication. In priyato /houses the open Franklin stovo 
affords an excellent means of Teiitilatioa, but eare' is re- 
quired to eapply pure frcah air in place of that constMitly 
withdrawn, in sncb a way afl not to canse v 
hurtful draughts. 



COMPOUNDS OF NITROGEN WITH OXYGEN. 

201. Nitrio Acid, NOe=54,HO,NO,=83. 

Prep. — The anhydrous acid is obtained hf pasaing 
dry chlorine over dry nitrate of silver; it is a white solid, 
crystallisiBg in the third system and decomposing spon- 
taneously. The hydrated acid is made by the action of 
sulphuric acid upon nitrate' of potassa (of soda)j tw» 
equivalents of the former being employed' for eonwonience, 
KO,NO, + 2(HO,SO0 = HO,rf 6i+BrO,SO,+ HO,SO,.-* 
The latter aalt, the Msutpfiate of potassa, remains in the 
retort. 

Prop. —When pure, a colourless, Aiming liquid, S. G. 
1-529, boiling at 184", and solid at — 40°. Is highly 
corrosive. It ordinarily contains hyponiiric acid, NO^, 
which gives to it a reddish colour. The ordinary acid, 
4HO,NOs, has a S. G. of 143, and distils at 250". The 
latter is the officinal acid, and that usually eniployed in 
the arts. 

Cbeni. Jtel. — 13 a powerful oxydising agent, capable of 
causing combustion ; it generally yields 3 eq. of O, leaving 
NOj, which passing into the air gives orange-coloured 
fumes of NO,. The monohydrated acid, HO.NOj, or a 
mixture of the eommercial acid, 4H0,N0i, with an eijual 
bulk of H0,S0j, which latter abstracts a portion of water 
^ ftom. the former, has a peculiar action on certain organic 
^H bodies, as cotton, starch, uid glycerine. It removes a. 
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part of their hydrogen, replacing it with NOu forming 
explosive compounds. The ordinary or dilate acid con- 
verts starch and sugar into oxalic acid. These changes 
will be further considered under OaaANio CHEMisxaT. 

Nitric acid acta on the metala in three ways; {!) 
When concentrated, is itself in part decomposed, Co, 
+ 4(H0,NOs)=3(CuO,NO5)+n63+4HO.-. (2) When 
dilute, the metol takes oxygen from the water, Zn+HO, 
NOs=ZnO,NO(+H. Only the more easily oxydised 
metals are affected in the latter case, and ammonia is 
formed as a secondary product. (3) When the metoJ does 
not form a basic oxide, as tin or antimony, it raiaes it to 
its highest oxide (SnOi^SbOs), and generally converts 
the lower oxides of the metals into the higher. The 
slightly diluted commercial acid acts more readily on the 
metals than when concentrated. It forms nitrates, all of 
which are soluble and deflagrate with combustibles. Those 
of potassa, KO,NO„ eesquioxide of iron, Fe,0,,3N0i. 
teroiide of bismuth, BiOj.SNOs, and protoxide of mercury. 
HgO.NOj, ore officinal. It may contain sulphuric or 
hydrochloric acids, iron, or, when made from nitrate 
of soda, iodine. It may he purified by distillation over 
nitrate of silver. 

Teeta. — (1) It bleaches a boiling solution of sulphate 
of indigo ; the absence of chlorine or ozone must first be 
ascertained. (2) Mixed with strong sulphuric acid and a 
solution of ferrous sulphate, FeO.SOj, added, a rose or 
purple tint results. (3) When free, it will, on the addition 
of hydrochloric acid, dissolve gold leaf. (4) When acting 
on copper, etc., orange-coloured fumes are evolved. " '^ 
If converted into nitrate of potassa, the characteristics 
that salt will be made evident. 

TherapeiUical and other Effects. — In large doses, 
irritant poison. Antidotes : alkalies, soap, chalk, magnesia, 
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«tc,, mucilaginous and oily drinks and enemela. Ex- 
ternally, concentrated, a caustic; stains the skin of a per- 
manent yellow; when diluted, stituuiant and astringent. 
Internally, dilated, is tonic, astringent, and is supposed to 
promote the secretion of bile. Is largely employed in the 
arts in the preparation of various metallic compounds, 
analysis, etc. 

IncoTnpalibles. — All the nitrates being soluble, the acid 
18 not liable to form precipitates. Hence it only acta 
when free to decompose the weaker salts, as acetates and 
carbonates, and will neutralise the basic oxides generally^ 
(potassa, magnesia, oxide of zinc, etc.) 

Officinal Forms. (1) Acidum ^ilrtcum, 8. g. l'42,4HO, 
KOj. (2) Acidum nitricuni dilutum, & Acid : A'iiric3iii, 
Aquee destiilatx q.s. ad Oj. e. g. 1068. Dose, gtt zx to 
xlt.d. 

202. Hyponitrio Add (Nitrous Acid), NO,= 46. 
Prep. — By mixing two volumes of NO, and one of O 

in an exhausted glass vessel, or by the distillation of dry 
nilrale of lead, PbO,NOs=N6.-f PbO-|-0. la formed 
when NOj escapes into the air. 

J^op. — At 0°, a colourless liquid; at — 40°, solid; at 
ordinary temperatures, a ruddy vapour; S. Q. 1591, pos- 
sessing powerful oxydising properties. Supports combuB- 
tion, but imperfectly; has a suffocating odour. The liquid 
possesses no acid properties and does not directly combine 
with bases, but indirectly forms a lead salt, and compounds 
with certain organic bodies. 

203. Nitrons Acid, NO„=38. 

May be formed by passing through a tube cooled 
to 0, a mixture of 4 volumes of NO; and one of O. It is 
a greenish liquid, readily decomposed; it does not combine 
directly with bases, but indirectly forms nitrites, which 
are soluble in alcohol. 
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Nitric Oxide, NOa=30, is formed during the deoxidatioa 
of nitric acid (201). It ia a pennanently elastic, colour^ 
less, iirespirable gas, s. g. 1038, sparingly soluble in 
water, supporting the combustioa of pbosphorua, but not 
of most ordinary combustibles ; it has a strong affinity 
for 0, with which it unites to form NO,. Ia neutral. 

204. Nitrons Oxide. (Laughing Gas,) jSO=22. 
Frep. — By heating gently nitrate of ammonia, 

NH.O,NOi=2N6+4Hd The gas should be allowed to 
Btand over water until transparent. 

Prop. — A colourless, inodourous, transparent gas, of a 
sweetish taste; S, G. 1525; water dissolves its own volume. 
Ib liquefied by a pressure of 50 atmospheres at 60", 
Supports combustioa nearly as well as ; is distinguished 
from the latter by its sweetish taste and greater solubility. 
Is neutral. 

Physiological Effects. — Causes, when inhaled in moder- 
ate quantity, exhilaration, hence the name laugking-gaa } 
in larger quantity, ia anffisthctie. 

205. Ammonia, NH„ or NH,0, will he considered under 
the metalij. 

CARBON, C=6. 

206. Naiural Sources. — Native as the diamond, graphite, 
and impure, as eoal ; combined in atmospheric carbonic acid, 
marsh gas, and in the native carbonates. Is the essentia 
constituent of organic matter. 

Properties. — Vary with the form. (1) Diamond, the 
hardest kaown body, crystallises in the first system ; s. g, 
3.5 ; a good conductor of heat but not of electricity. (2) 
Graphite, plumbago or black lead, soft, crystallises in the 
etb system; e.g. 1'8 to 21; conducts electricity and has a 
metallic lustre, (3) Graphine, or plumbagine, the deposit 
in coal-gas retorts; hard and difficult to work; mammillated 
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structure; somewhat metallic lustre; 8. g. 1-76; a good con- 
ductor of electricity, (used in Bunscn colts.) (4) Charcoal, 
an amorphouB body, the properties of which vary with the 
source, (a) Wood charcoal, Oarbo Ugni, TJ. S. P., is best 
obtained from the shoots of the willow, previously dried 
and distilled at a moderate hoat. Is a shining, black, 
bygroBCopio powder, without taste or smell ; has from its 
extent of surface groat powers of absorbing and cDudcnaing 
gases, thus promoting their combination ; h«mce its power 
as a deodouriser. 

Br. Stenbouae haa Hbown that Bmall anxraah imbedded in 
powdered charooal rapidly decoy without ofieaaive odours being 
evident. The offensive matters from Bearers are easily iutercopted 
and consumed bv dry charcoal filters. Charcoal poultices absorb 
and render inoffenaive purulent discharges. This action is due 
Co the ooDdeniation of the oxygen of the air in the porea uf the 
churooal at the same time with that of the effluvite. Sy boiling 
charcoal with ^th of its weight of bichloride o f p latinum, PtClg, 
its power of oondensation is much increased. Wood thoroughly 
driml yieldfl 25 per cent, of charcoal; green wood much leas, ita 
carbon passing off as tar, acetic acid, and wood spirit. 

(6) Animal Charcoal. — Obtained by charring bones, 
Carbo animalis, the best by charring blood with pearlash. 
It is more dense than the last variety, and possesses re- 
markable powers of absorbing vegetable colouring and 
bitter principles. Bydigesting Carbo awima/tawith muri- 
atic acid, TJ. S. P., each gxii previously diluted with Jxii 
of water for two days and then washing the residue, the 
phosphate of lime of the bones is removed and the Carbo 
animalis purijicatua, V. S. P., is obtained. 

Animal charcoal will remoro the colour from moat organio 
solutions. It also absorbs all vegetable bitters except picric acid ; 
but yields most of them again to boiling alcohol. It is an anti- 
dote to all vegetable and animal poisous, but requires to be given 
in large quantity and cure taken that exceas of acid is not 
present. 

(c) Lampblack is the soot of eombustiljles containing 
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an excess of carbon; is usually made from coal-tar. It 
has less lustre than the other varieties of charcoal, is moch 
tesB dense, and has but little antiseptic or decolourieiDg 
power. 

{d) Coal is fossil wood ; peat and lignite are transition 
forms, Coke is carbon obtained by driving off the volatile i 
matters from bituminous coal, as in gaa-making, 

20T. General Propertiee of Carbon. — It is dimorphooB, 
insoluble in all menstmn, fused and volatilised only in the 
voltaic arc ; ia not affected by chemical agent^s as ordinary 
temperatures. (Animal charcoal in chlorine water is 
slowly consumed by the nascent oxygen.) Its combusti- 
bility varies with the variety; wood charred at a moder- 
ate temperature sometimes ignites spontaneously, while 
graphite and the diamond are difficult to burn. . 

Qen. Ghem. Selations. — At high temperatures it is the 
most powerful of reducing agents, owing to its aEBnity for 
0. It forms mth the metals carbides, es cost^-iron, and 
unites, aa a general rule indirectly, with other elements. 
It forms with Caxbonio Add, COj, Carbonic oxide, CO, 
Oxalic acid, HO,CjOj, and croconic, nietallic, and rfaodizonic 
acids. Its compounds with H are considered nnder Oiv 
ganic Chemistry, except those named bolow. With If it 
forms the important quasi element Oyanoqen, C,N. 

CARBON AND OXYGEN. 

208. Carbonic Acid, {Jixed air, choke damp,) C0,=a2. 

Natural Sources. — The atmosphere, the native carbon- 
ates. Is formed during respiration and combustion. 

Prep. — On the large scale, by adding Sulphuric acid, 
HO,gO,, to powdered chalk or marble, CaO,C0,+HO,8O, 
=Ca0,SOi-|-HO-t-C0^ In the laboratory, by replacing 
the sulphuric by muriatic acid, which leaves no insoluble 
residue. CaO,CO,-|-HCl=CaCl-f liO+cJo,. It may be 
collected by displacement (183). 
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Prop. — A colourleas, inodouroua, transparent gaa, a. g. 
1539, liquid under 38 atmospheres at 32°, and solid at — 12°; 
is incombustible, extinguishes flame, docs not support life, 
but is not poisonous when diluted. It constitutes the a/ler 
or choke damp of the miner, and frequently accumulates in 
old wells and in depressed spots in volcanic districts (Upaa 
Valley). Water dissolves its own volume, and when 
charged under pressure of 5 atmospheres acquires a pun- 
gent taste, reddens litmus and forms an agreeable drink 
usefiil in erethism of the stomach — Aquaaoidi oaebosioj. 
Mineral water. Fermented drinks owe their sparkling 
and pungent qualities to this gas. It is also the agent in 
the raising of bread. 

General Chemical Selalions. — It reddens litmus and 
combines with bases to form the carbonates, most of 
which are insoluble ; those of potaasa, soda, liOvia, lime, 
magnesia, iron, lead, and zinc are officinal. Owing to its 
volatile character, it is readily displaced, being driven out 
of combination by all acids except the Htbeocyanic, HCy. 
Under favourable circumstances it shows great power as 
an acid, decomposing rocks and playing an important 
part in the economy of nature. The carbonates and 
bicarbonates of the alkalies have an alkaline reaction. 
A carbonate is known by its effervescing when treated 
with hydrochloric acid, the gas evolved being inodouroua. 
Medical Effects. — Has been applied locally as a seda- 
tive ; swallowed in solution, it forms a grateful drink in 
fevers, and allays thirst and checks vomiting. Inhaled, 
it rapidly causes insensibility, the treatment being expo- 
sure to the fresh air, dashing with cold water, frictions, 
and in extreme eases artificial respiration. Its presence 
in wells is made evident by lowering a candle into the 
suspected locality ; the presence of an irrespirable gas will 
extinguish it. It may be removed by causing draughts 
13 • 
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of air, by burning straw, or by throwing down wat«r, or 
better, mixed lime and water. Recent experiments 
to show that when inhaled largely diluted, it is 
an air containing twenty-five per cent, having been sup- 
plied to a bird without injuring it.* i 

209. CEirboiiic Oxide, C0=l4. | 
Preparation. — Is formed when C is burned with 

an insufficient supply of O, the COj formed at first being 
deoxidised by incandescent carbon above. It is best made 
by pouring an excess of HO, SO) on pondered Fkbeoot- 
ANIDB OF POTABSIPM, KjCy,Fe.f 

Properties. — A transparent, colourless, iaodoarons, 
permanently elastic gas, burning with a feeble blue .flame, 
producing COj; S. G. 968; wat«r absorbs 2-6 per cent. It 
is a narcotic poison. It frequently escapes from stovea , 
the treatment, that indicated under COj. It is chemically 
neutral and unimportant. 

210. Oxalic Acid, HO,CA-f 2HO=fi3. , 1 
Freparalion.~-'By the action of nitric acid upon Btarch. 1 

or cane sugar, or of aliialies upon sawdust, f It exists in 
combination in certain plants {Oxalis, Rumex, Rheum). 

Properties. — Long, four-sided, oblique prisms, (third 
system;) of an acid taste and reaction; is soluble in eight 
parts of water at 60° and its weight of boiling water. Is 
used for taking out ink-spots and iron-moulds ; resembles 
in appearance Epsom salt, and is sometimes swallowed 
by mistake. It is an irritant poison; the antidote is 
chalk or whit«iwash. The 2 eq. of water of crystallisation | 
may be removed without its decomposition, but it cannot 
exist except in combination with its constituent water 
(190) or a base. It forms salts containing one, two, or 
four equivalents of acid. 

" HAiiicoitD, ffsS'""' P- '63- 
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Test. — With a lime salt, or iime-water, gives a white pre- 
cipitate; with nitrate of silver, abo a white precipitate 
which explodes slightly when dried and heated. Many 
of the oxalates become carbonates when heated to redness. 

211. HTDRO-CARBONS.— The compounds of C and 
H are exceedingly numerous ; the following are geaerally 
considered under the head of Inoroanio Chemistry. (1) 
Light carbureUed hydrogen, C,Hj, marsh gas, Jire damp, 
& constant product of decomposing vegetable matter, and 
obtained artificially by the dry distillation of the acctatfis. 
It is always present in the atmosphere. It is a colourless, 
transparent, inodourous, inflammable, permanently elastic 
gas, not very poisonous; 9. g. 522, Water dissolves 0'039 
per cent (2) Olefiant gas, Ethylene, Gt,St, obtained by 
the action of HO, SO, upon alcohol, resembles the former, 
but is liquefied by cold and pressure ; has a faint ethereal 
odour, and is a narcotic poison; has a a. g. 967, and 
burns with a brilliant white flame. Water dissolves 0-161 
per cent. Goal gas is a mixture of the above with the 
vapours of other hydrocarbons. 

In making illuiainating gas, tiie coal is diatJUed in iron 01 
alay retorts ; the tar and ammouia which accompany the gas are 
aoudeosed and absorbed iu the hydraulic main, jet vrashera, and 
cottdauers; the cyanogen, CjN, carbonic acid, and sulphnr com- 
pounds are removed by lime or moist oside of iron. Wood, resin, 
wax, oil, etc., yield illuminating gaa when distilled. 

312. Nature BJid Stracture of Flama — By flame is 

understood volatile matter burning ; pure flame gives but 
a feeble light. Solid matter, heated until ft becomes 
luminous, is said to be incandescent, and if not easily 
oxidised, as platinum, it may remain so for an indeiinitc 
period without chemical change. Ordinary flame is 
hollow because the jet or column of volatile matter can 
only come in contact with the O of the air on its outer 
surface. A solid flame is produced by iulroduciiig O into 
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the centre of the burniDg gas. In a luminous flame, three 
cones may be distinguished. (1) An inner blue or dark 
one which consists of gases derived, in the case of an 
ordinary lamp or candle, from the destructive distillation 
of the oily matter (cone of generation). (2) A luminous 
cone (cone of decomposition). In this the compounds of 
C and H receive a limited supply of O, which having a 
greater affiuity for the H, unites with it ; the carbon thus 
precipitated in the solid form, is rendered incandescent by 
the intense heat generated by the combination of the 
and H, making the flame luminous. (3) An outer cone 
(cone of complete combustion) of a feeble yellow col- 
our, in which the C, meeting with an abundant supply 
of 0, is burned up. In the middle flame we have a high 
temperature, deficient supply of 0, and abundance of the 
reducing agents C and H. Hence, many metallic oxides 
placed in it are deoxidised (reducing flame). At the 
extremity of the outer flame we have also a high tempera- 
ture, but an abundance of 0, and the reverse effect takes 
place (oxydising flame). When urged by a jet of air — 
the blowpipe — the flame is elongated and the intensity of 
the heat increased. When the gas is mixed with air or 
O before ignition, no decomposition takes place, no solid 
matter is deposited, and the flame is blue and feebly 
luminous. The introduction of a fixed solid body, as lime 
in the compound blowpipe flame, at once produces a bright 
light by incandescence. A mixture of air or O with an 
inflammable gas or vapour is liable to explode, owing to 
the sudden combination of the whole. The contact of a 
cold, condacting body may reduce the temperature of the 
gases below the point of ignition. Hence an explosive 
mixture may be safely burned at the end of a long, fine, 
metallic tube. Wire gauze, which may be considered as a. 
number of short tobf^s of small diameter, acts in this way 
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and a, lamp aurrouodcd by it may be safety carried into an 
atmosphere containing an inflammable gaseous misture — ■ 
the safely lamp. A jet of mixed gases issuing under press- 
ure is leas likely to allow the flame to travel backwards, 
as the gases move forward rapidly to snpply the combus- 
tion. When a cold body is introduced into an ordinary 
flame, the carbon, instead of being burned in the third 
cone, is deposited; hence, for heating purposes, gas should 
be previously mixed with air, so as to burn without de- 
composition. 

213. Garbon and NitrogBii. CyBnt^^ C,N, resembles 
in its chemical relations the Haloqens (223), and will be 
considered horcafter (235). 



SULPHUE, S=16 

214. Natural Sources. — Occurs native in volcanic dia- 
tricta. Exists in combination in the native sulphides, as 
iron (PeSa) and copper pyrites, CuS,Fe^S, ; galena, PbS, 
cinnabar, HgS, the native sulphates, as gypsam, CaO.SO, 
-|-2H0, and heavy spar, BaO,SO,; in organic bodies, in 
the hair, nails, and horns, the protein bodies, and certain 
volatile oils. 

Preparation. — Is obtained by sublimation from its earthy 
impurities. When the vapour is collected in a cooled 
vessel, fine crystals are deposited, — Flowers of sulphur, 
SOLPHTja SCBLIMATUM, TJ. S. P. If the vapour is con- 
densed into the liquid state, and cast into moulds, it forms 
roll sulphur, or brimstone. It ia obtained leas pure from 
pyrites, and the milk of sulphur, Lac svlphuris, Sulphbb 
PRSOiPiTATDM, U. S. P., is procurcd by chemical precipi- 
tation. 

Propertlea. — In its ordinary form is a lemon-yellow, 
volatile, inflammable, solid ; brittle, tasteless, of a peculiar 
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odour when rubbed. Is a non-conductor of beat and ^ 
electricity, and gives negative electricity when rubbed. 
It is dimorphous, cryatalliBing from solution in right 
rhombic octohedra (3d system), b. g. 2-05, and frotH 
ru»ion in oblique rhombic prisma (4th Bystem), a. g. 1-9T. 
It is insoluble in water, almost so in alcohol ; is Bolable 
in bisulphide of carbon, CSj, bemine, CuHj, and di- 
chlorido of sulphur, SiCl. Also in alkaline solutions, but 
with some cfaemical change. It melts at 234°, forming k J 
limpid amber-coloured liquid ; as the temperature rises, this M 
bocomeB darker and more viscid; at about 480° is i 
tenacioaB as to be poured with difficulty ; from 500° to ita I 
boiling-point, 738°, becomes thinner, and if allowed to I 
CDol, paBses through the same conditions. Its vapour is J 
of an orange colour, s. g. 6686. In the state of Tapoarl 
it combines with finely divided metals, with evolution of'tj 
light and beat. 

Allotroplc ModifloatioiiS. — By the sudden cooling of 
sulphur heated to about 500°, a dark, plastic, amber- 
coloured mass is obtained, which gradually assumes the 
form of ordinary sulphur ; it is in great part insoluble in 
CSi- Blaci: sulphur is obtained by repeating frequently 
the same process; it probably always contains foreign 
matter. 

Foar allotropio raodilicationB of sulphur are now admitted: 
1. Common or priBOiatio sulphur, soluble in CSg; 2. Octohedral 
Hulphur, partiBllv soluble in CS,i 3. Crummy Bulphnr, bx- 
traotod by CS,. but afterwards insoluble ia it; 4. Insoluble 
sulphur, iDsalubte Id CS,, aud forming the bulk of the soft 
Biilpbur prepared aa above stat«d. 

General Chemical Relations. — Is an electro-negative 
body, closely resembling oxygen, forming sulphur bases 
and acids and neutral sulphides ; also compounds with 
hydrogen resembling HO and HO,. It combines with 
oxygen to form seven compounds, only three of which 
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will be coneidered, Dame]y, StLPHtiBio acid, SOj, ScI/- 
PHUBOus ACID, SO,, and Hyposulphurous add, S,Oa. 

Medical EffeetS. — la innosious; is given internally in 
skin diseases, gout, and rheumatism ; osteinally ia nsed 
in vapoar or ointment in the same. Dose, 3j to giij, la 
nsed in the arts for the manufacture of sulphuric acid, and 
from its ready inflammability in that of matches and gun- 
powder, 

Offleinal Porms. — I. Sulphxik eublimattjm — Com- 
mercial flowers of sulphur. 2. Stu-phur lotdm, Washed 
sulphur, hot water being uaed to remove traces of acid 
from the former. 3. ScuHmi pnaicipiTATUM, Lao stil- 
phuris, Milk of sulphur. Is made by boiling together 
for two hours gxii of sublimed sulphur with S^viii 
of lime previously slaked, end Oxv of water, adding 
enough of the latter to compensate for evaporation, 
Bisnlphide of calcium and hyposulphite of lime are 
formed (3CaO+S(=2CaS,r-*-+CaO,SA-*-), The solution 
is dilated with an equal bulk of water, and decomposed 
by muriatic acid, added gradually so long as a precipitate 
falls (2CaS,+CaO,S,0, + 3HCl=3CaCl^. + 3HO+So), 
The chloride of calcium is removed by washing. It is a 
milky white powder, having a peculiar odour. Is moro 
easily suspended in water than the other officinal forms, 
hence used in the preparation of hair-washes. All the 
forma of sulphur should be entirely volatilised by heat, 
and the two last-named devoid of acid reaction. The 
TJnquestum sulphcris, U. 8, P., contains one part of S to 
two of lard. 

SULPHUR AND OXYGEN, 

215. Snlphnric Acid, SO, = 40— HO,SOj= 49. 

Prep. — (1) Anhydrous, is obtained by distilliug tho 
Ifordhausen acid ; is in white, silky prisms, melting at 65°, 
boiling at 110" ; attracts water greedily. (3) Nordhausen 
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or fuming oil of vitriol, HO, 280,, is made by distilling' 
dried green vitriol (4(FeO,SO,+H;0)=3FeA + SSO,- 
EO.aSOj+SHO). Is a dark, fuming, corrosive liquid, e g. 
1'9; hissing when dropped into water; is too impore for 
internal administration. 

3. Sdlphubic acid, oil of vitriol, Acibum BULPmnuouM, 
U. S. P. Into a leaden chamber are introduced aulphuroTts 
acid, SOj, obtained by burning S, nitric acid, and steam ; 
or the floor of the chamber is covered with a atratum of 
water. When the water becomes anfiEciently charged with 
acid, it is drawn off, concentrated in leaden pans, &aA 
afterwards in a platinum still. The following reaction is 
approximate: (I) SO= + HO,NO,=SO,+ HO +W0,; (2> 
2S0,+N0.=aS0.+N0j; (3) N0,+0,=N04. andsoconi 
tinuoualy, the NOj receiving O^ from the air of the ch'am^' 
ber to form NOj, which again parts with it to the 90^ 
becoming reduced to NOj. Commercial oil of vitriol, HO, 
■ SOa, is a heavy, corrosive oily liquid, 9. g. 1'845. It is the 

B most powerful of the acids, chars and destroys organic 

H matter. Attracts moisture ; hence is nsed as a desiccating 

H agent, and must be Icept in tight glass-etopped bottles: 

H When mised with excess of water, the elevation of itisili- 

H perature in enough to boil the latter. 

^1 A Btraw or entail bit of stick -will render a whole carboy of acid 

^M black; tte carbon ia merely diffused, and may bo separated by 

^M filtration through gua-eotton. By mixing 2 voIh. of IIO.SO, and 

^1 1 of HO, and allowing the mixture to cool, a torh jdrate, 3UO,80i, 

^1 is obtained, which will convert paper into a parchment-like body,: 

^M contracting it in all its dimensionB, and increaBine its strenttui 

■ 

L 



is obtained, which w 
contracting it in all 
sixfold. 

Hedioal Effects, — Concentrated or in large doses, an 
irritant poison ; antidote : magnesia or other neutralising 
bodies, given in milk ; water ia inadmissible on account 
of the heat developed by its admixture. Externally a 
caustic ; internally, diluted, tonic, astringent and 
rant. It is incompatible, when free, with all alkalies 
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alkaline earths, and the salts of the weaker acids ] 'when 
combiTied, with the soluble Baits of baryta, strontia, and 
lead. J 

Offioiual Fonofi. — Acidum stilphurictm; S. G. 1-843. ■ 
Should be entirely volatilised by strong heat, and when 
diluted with distilled water should not be coloured by 
SuLPErrnaio acid, HS (211). Acidum BuiPHUKicrsi 
DimTCM, S. G. 1-082, contains 3ij to the Oj. Acidum 
suLpHuarccM aromatictm — Elixir of vitriol, is made by 
preparing a pint of tincture of ginger gj, cinnamon giaa, 
both coarsely powdered, with alcohol, q. s., and adding to 
this a cooled mixture of 3t of acid. sruHURic. and Oj 

ALCOBOT.. 

General Chemical Relations. — Porms an extensive series 
of well-marked ^Ita, — the sulphates. Those of Potassa 
KO, Soda NaO, Magnesia MgO, Ferrous and ferric oxides 
PeO,FejOs, Oxide of manganese MnO, Zioc ZnO, Copper 
CuO, and Mercury HgO, are officinal. It acts on the 
metals in two ways. (1) When the metal is not easily 
oxidised, and the acid is concentrated, one equivalent of 
acid is decomposed, furnishing oxygen to the metal ; with 
the oxide thus formed a second equivalent combines — 
Cu+ 2(HO,SO,)=CaO,SO,+ SO, (2) When dilute, the 
metal, if easily oxidised, decomposes the water present — 
Zn4-HO,S03i=ZnO,SO,+H. The (esf for sulphuric acid 
is a soluble salt of baryta, which gives a dense, white pre* 

Icipitate, insoluble in boiling HO,NOi. 
3lfi. Sulphurous Acid, SO,— 32. 
Frep. — Is formed when sulphur is burned. Is made 
by reducing HO,SOa. 

nO,SOi may bo reduced by copper, mercuir, e(c. A cheaper , 
plan is to nae f , by weight, of solid sulphur ; 2(nO.SO,)+S=2SO, ' ^ o ^ 
^-2H0. Poisdered charcoal will answer, but the gas is contami- 

tby COr-2(HO,SO0-(-C=2SO,-f CO,+ 2nO. _H 
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Prop.— A colourless gas of a suffocating odoar, actA 
taste and reaction b. g, 2211 ; it extinguishes flame and Is 
poisonous ; it bleaches, and by its affinity for oxygen 
arrests fermentation and putrefaction; below 14° isacoloor- 
IcHS, limpid liquid, and at — 105^ solid. WateriiiesolvesSO 
vola., and a«quiroa the odour and bleaching properties of 
the gas. A cryBtalHne hydrat* is formed at low tempera- 
ture. Colours removed by SO, may be restored by aa 
alkali. 

Medical EJfecU. — Ta used ititernnlly in solution, and as 
tbe salphitea, in zymotic diseases and blood poisoning; 
aim cxtemally in skin diseases. '> 

Offtoinal Form. — Aciddm buwhtjbosum. Is made l^' 
pnBaing the gas evolved by the action of powdered char- 
coal upnn HO, 80, through distilled water kept cool, nearly 
to saturation, s. g. about 1'035. It should bo kept cool, 
and is liable to absorb and become partially converted 
into HO, 80,. Dose for internal U3e,f3j, largely dilnted. 

Oeneral Chemical Selations. — Forms sulphites, of 
which thoBc of the alkalies are powerful antizymotic and 
reducing agents. That of soda la officinal. Hyposulphu- 
roun acid, 8iOj=48, is not isolablo. The hyposulphUe 
o/eoda, made by digesting anlphur with sulphite of soda, 
is uacd to dissolve the salts of silver in photography and 
electro-plating. It has been used for the same purposes 
aa the sulphite. 

SULniUR AND HYDROGEN". 

217. Snlphnretted Hydrogen — Eydrosulphuric or sul- 
phydric add. HS=17. 

Prep. — la formed by tlie union of its elements when in 
the nascent state (US); they do not combine when free. 
It is found in native sulphur waters, resulting from tbe 
decomposition of iron pyrites, FeS,, and in sewers and 
other foul localities, where organic matter containing sal- 
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phur IB decomposing. TJnder the latter circumstances it 
IB generally combined with ammonia, and accompanied by 
other volatile products of putrefaction. It is made bythe 
action of dilute HO.SOa upon sdlphide of iron. Fe8+ 
HO,S03=reO,S03H.+HS', or wben required pure by the 
reaction of HCl on ShS,. Sb8,4-3HCl=SbCIj.+3HS.* 

Prop. — A colourless, inflammable gas, of a character- 
istic odour and acid reaction; a. g. 114T; is liquefied by 
a pressure of 17 atmospheres at 60°, and is a white solid at 
— 122°. Water absorbs 3 Toluraes, the solution slowly 
decomposes, sulphur being deposited. It does not sup- 
port combustion, and is a narcotic poison. 

Medical Effecls. — Concentrated, is rapidly fatal ; diluted, 
causes headache, nausea, and prostration. Is instantly 
decomposed by chlorine or ozone, which latter may be 
evolved from a solution of permanganate of potassa. 
Taken internally in the form of native sulphur water, is 
popular in the treatment of chronic rheumatism, gout, and 
skin diseases. 

Chemical Belalions. — la a atdphur acid, combining 
with sulphur bases to form salts, as KS,HS; NH^S.HS. 
It precipitates many of the metals from their solutions, 
and is one of our most valuable tests. IIS, is unimportant. 

SrLPnUB AND CARBON. 

218. BisnlpMde of Carbon (sulpho-carbonic acid), CS,, 
made by passing the vapour of sulphur over red-hot carbon, 
is a volatile, mobile, inflammable liquid, of high refractive 
power, insoluble in water, s. g. l-SIS. It is used in the 
construction of prisms, and in vulcanising india-ruhbcr. 
It freely dissolves fatfy matters, and ordinaiy sulphur and 
phosphorus. Workmen exposed to its va|>ours are affected 
with headache, vertigo, hyperffisthesia, and eventually be- 
come cachectic, with dimness of sight and hearing, impair- 
ment of memory, and lops of sexual power. It has been 
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osed in skin diseases, rlienmatiBm, and enlarged glands 
It ie a Rulpbar acid. A protoaulpbide and aesqiusiilphide 
are known. 

pHOSpnoRtrs, p=3i. 

S19. Natural Sources. — Organic sabstaQces; tbe m- J 
live phofiphaleH. i 

frep. — On the large scale from bones, in which it 
exists M photphate of lime, SCaO.POj, which are: 1. Cal- 
cined, Ut remove animal matter; 2. Digested with HO,SO» 
which comlnnes with most of tbe lime, liberating the 
greater part of the pboephoric acid, POf. This is heated 
in a close Iron retort with charcoal, which combines with 
the O of the phosphoric acid, forming CO, leaving th« 
phosphorus to distil over.* 

Prop. — X soft, translucent solid, of a waxy appear- 
ance ; ia tasteless ; has an alliaceous odour. When per^ 
fectly pare, is colourless; ordinarily has a reddish tint,, 
which increases with 'exposure to light; specific gravity, 
1'83. It melts at 111-6°, boils at 550°, giving a coloor- 
less vapour. May be distilled unchanged. Emits AuneB 
in the air, (chiefly phosphorous acid, PO,,) which in the 
dork are luminous ; this slow combustion is accompanied 
by the formation of ozone, and may be prevented by the 
presence of certain vapours, as ether, turpentine, and 
naphtha. Very inflammnble, taking fire at 114° ; bums 
with the evolution of copious white fumes of phosphoric 
acid (POt). It is insoluble in water and alcohol; soluble 
in the fised and volatile oils, in ether, glycerine, and bisul- 
phide of carbon. 

AUolropic Modificalion. — By exposing phosphorus tot 
a long time to light, or for a shorter time to a tempenih 
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ture between 4G4°-482°, it aesamcs a rod colour, thickens, 
and becomes opaque. Tliis amorphous phosphorus is un- 
altered in the air, not poiaonouB; specific gravity 2-14; 
l&aolubie in all nrtenstrua ; melts and takes Gro at 500°. 
Heated to the boUisg-point, in an indiflerent gas, becomes 
^aiu cotnmon phosphorus. Three other varieties of phos- 
phorus have been described; the white, the black, and the 
viscona. According to Hittorf,* phosphorus may be ob- 
tained in rhombohedral (6th system) metallic-looking 
crystals, Tesembling arsenic, and conducting heat and eieo- 
trieity ; a. g. 2-34. 

Medical EffecU. — In large doSe, an irritant poison of 
great energy. H"o direct antidote is known. Evacuate 
the stomach ; give large draughts of cold water contain- 
ing magnesia in suspension, or one part magnesia and eight 
of chlorine water. — (Duflos.) 

Workmen exposed to its vapours are liable to necrosis, 
particularly of the lower jaw-bone. In medicinal dosee, 
stimulant, diuretic, and aphrodisiac. Is given in solution 
in oil or glycerine ; dose, -^ to j'j of a grain. Is officinal 
in the TJ, S. P. 

TeitB. — P may be recognised by its odour and luminous 
appearance in the dark. When very small portions are 
present, they may be taken up by digestion with CSi, 
which, on evaporation, will leave the phosphorus Gaely 
divided and luminous. A mere trace of P communicatcB 
a green colour to the flame of burning H, and gives a 
characteristic series of green lines in the spectroscope. f 

Chem. RelationB. — Forms a natural group with N, As and 
Sb. It combines with seme of the metals, as iron, and is 
not removed by the highest heat of the furnace. With 
oxygen it forms PjO, oxyde of P; PO, Jiyxxiphoxphorous 
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acid; POj, phosphorous acid; and POj, Phosphoric a 
With H, solid PJ3, liquid PH„ and gaseous PH,, phos- 
phides of H, With N and S, unimportant coropounds j 
the latter arc five in number, four corresponding to the O 
compounds, aod one PSu unique; they are highly i 
fiaiDinable. 

220. PhoBphoric Add, P05=7l. 

Prep. — Is fonned anhydrous when P is burned In ' 
dry air or O. Is then an amorphous white powder, delt \ 
quescent and hissing on the contact of water, becoming J 
bydratcd. The tekhydbate, 3H0,P05, is made by thff < 
action of diluted HO,NOj on P. It ia very sour, not cor- 
rosive, does not act on copper or silver, and ia not poi- ' 
eonous. 

Ghem.Relaliong. — Phosphoric acid possesses the temait ' 
able property of uniting with either one, two, or threo * 
equivalents of water or a base, giving rise to three classes -* 
of snita of ditferent physical and chemical properties, 
which however are mutually convertible. The monobasic 
acid, HO,POs, gives rise to the mefaphosphates ; 2H:0,P0, 
to the bibasie, pyrophosphates ; 3HO,POs to the tribasio i 
or common phosphates. Three additional varieties bava t 
been described. 

The ieries of phosphates of aoda, bo ablj investigated by 
Graham,* show in a remarkable manDer the peculiar ficxHality 
of this Biiid. Thus we have the follaning list: 

Monobasic, NaO.POt, Metaphoaphate of Boda. 

■0-. ■ ( NaO,H0,POi, Bipjrophosphate. 

Bibaaio, |2NaO,PO« Pwoph^phate. 

( NaO,2HO,PO(, Acid phosphate (eiiata in the uTme]. 

Tribaslc, \ 2NaO.HO,PO(, Common pboaphate (officinal). 
{ 3NaQ,POs, Subphosphate. 
Each variety, in case of double decomposition, ooDtinues witt 
the Bsme amount of the now base as it previuualv poaseaaed, f 
ThuBAgO,NOi-|-NaO,POi=AgO,P0.4-NaO,NO,_; 2(AgO,NC^) ! 
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+2NaO,PO, = 2AgO.PO.+2(NaO,NO.)-.; 3(AgO.NOi)+2NuO, 
nO,PO, = 3AgO,PO,+*2(NaO,NO0-.+ nO,NO(_. The tribasio 
variety may bo coDTerted into bibaHic and this int« monobaBlc bj 
'' '■ ■■ ... J. j^g process may be re?Brsed by long 

Officinal Forms. — AciDUM phosphoricum giaciaik, 
glacial phoaphoric acid, is HOjPOj; the Aciddm phos- 
PHORiccM DiLUTUM, s. g, 1056, Contains SHO.POj. The 
acid is tonic and refrigerant The phosphates arc admin- 
istered in certain cases of defective nutrition. 

PhoBphorid acid should Hve no precipitate vith nitrate of 
silveror chloride of barium (abBence of H0,80,, orllCl); ahoald 
not be coloured by HS, or NH,S,HS, {absence of mctallio im- 
purity); sboald not corrode a etrip of ailver, (absence of HO, 
NOj) ; should not affect HgCl, (absence of PO,). 

Phosphorous acid, POj, formed during the slow com- 
bustion of P, is unimportant in medical chemistry. 

221. HypophoBplioroiis Acid, not isolable, HO,PO + 
2110^66. — Is formed when P is boiled with an alkali or 
alkaline earth, phosphuretted hydrogen being given off. 
3(CaO,HO)-|-P. = 3(CaO,PO)_ + PH/ (approximately). 
The hydrated acid ia a syrupy liquid, easily decomposed, 
a powerful reducing agent. The HypophosphUea have 
been used in tuberculoua cachexia, impotence, etc. Oxide 
of P (PjO is unimportant) is supposed by some to be 
merely ullotropic P. 

222. PhoBphnretted Hydrogen, which resulta from the 
union of its elements when in the nascent state, is given 
off during the manufacture of the hypophosphites, or when 
CaP is thrown into water. It is a mixture of the solid 
PjH, liquid PHi, and gaseous PH, ; it is spontaneously 
inflammable, a property which it loses when mixed with 
a smalt quantity of ether or turpentine, and which is due 

e presence of PH,. It has a garlicky odour, and is 
poisMousj it is decomposed by Ql aad ozgue. 
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CHLORINE, Cl=35-5. 

223. 2fat. Soitrces.— Common salt ; the native chlorides. 

Prep. — (1) By gently heatiDg 4 parta of hydrochloric 
acid, HCI, with one of hinoxide of manganese, MnO^ 
MnOi+aH01==MnCU+2HOf +C1-. (2) By the action of 

dilute adds on chloride of lime (bleaching salt), CaO,CiO+ 
CaCl+2(HO,S03)=2CCaO,SO,)+2HO-+CU. The gas 
may be collected by displacement 

Prop. — A heavy greenish yellow gas, of a suffocating 
odour, 9. g. 2410; water absorbs two vols. (Aqua Chlo- 
EiNii, tr. S. P-) It supports combustion, but is fatal to 
animal life. By cold and a pressure of 4 atmospherea, 
becomes a bright, yellow, limpid liquid, b. g. 1-33; baa 
not been obtained solid. It is a powerful deodoariser and 
bleacher of organic colours (except carbon). Colours re- 
moved by chlorine cannot be restored. 

Med. Effects. — Even when diluted, chlorine causes 
spasm of the glottis, and, if inhaled, great irritation of 
the wr passages and congestion of the lungs. Some relief 
is afforded by the inhalation of alcohol or ether. Much 
diluted, has been inhaled in aphonia and chronic bron- 
chitis, and might be useful in the case of metallic foreign 
bodies in the air passages, which resist ordinary surgical 
measures for extraction, causing their gradual conversion 
into soluble chlorides. It is given internally in solution 
in scarlatina, diphtheria, and other anginose affections. 

Its solution in water is officinal as Aqua Chlobinii, 
and is prepared by passing a current of washed chlorine 
into distilled water, iu a largo bottle loosely plugged with 
cotton, agitating the liquid from time to time until satu- 
rated. Chlorine water has a yellowish colour and the 
odour of the gas; is apt to decompose, forming HCl and 
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O ; it should be kept in a cool place excluded from the 
light ; it contains CIO and CIOt. 

294. Gen. Chem. Relations. — Chlorine is the type of the 
Haloobnb (salt-generators), a groap of highly electnMieg- 
fttive bodies, having a feeble aEBnity for O, but an energetic 
one for H and the metals; so mach so that these bodies 
are never found uncombined in nature. The other Halogens 
are Bromine Br, Iodine I, and Fluorine F. The members 
of the Cyanogen group, although compound bodies, act as 
halogens, and are conveniently studied in connection with 
them. Their compounds, except those of F, are moBtly 
soluble, and are obtained directly or indirectly from the 
sea. The compounds of the halogens with H are acida 
(hydrogen acids, hydracidsj ; with the metals they com- 
bine directly to form galtg (Ex., TfaCI — common salt), 
which are simpler in constitution than the amphide salts 
(184), being binary compounds. When a hydracid is 
added to an oxygen base, water and a haloid salt result. 
JgO-t-HCl=AgCl+HO,; an oxygen acid, added to a 
haloid eaU, gives an oxysaU and hydracid, KaCl+HO, 
SO,=NaO,SOr-»-+HCn ; an oxysaU, reacting with a 
haloid eall, yields new compounds of the same type, AgO, 
NO,-(-NaCl=AgCH-NaO,NOs-^. The deodourlsing and 
bleaching powers of CI are due to its affinity for H; ozone 
is probably set froe as a secondary product in some cases. 
The combustion of a taper or other hydrocarbon in CI 
Ib due to the combination of the latter with the H of 
ttie former. 

So energetic are the affinities of CI for H and the metals, that 
a paper dipped in oil of turpentine will give rise to a. spuntane- 
OUB 9sAh of light, nCl being formed and the carbon deposited 
in a dense, black eland. Most of tbe metals in leaf or powder 
burn spontaneously, forming chlorides. P also combineH at or- 
dinary temperatures, forming PCls, but the flame is feeble, owing 
to the absence of solid matter (212). 
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TVsCf. — When &ee, iU odour and bleacbiiig ppopertieB; 
either combined or free, giyes, with ApO.XO^ a white, 
cordy precipitAt« of A^l, inaoloble in cold or boilii^ HO, 
N Oi, eolnble in aouDonJtt, and Uttckening on exposne to 
light 

2S3. GUoriBe find Olfges. — These elements do not com- 
bine directly, and their componnds are unstable. They 
are Perchloric acid, HO,CnO„ not isolable; Chi/)MC acid, 
HO.CIOs; Hypochlorieacid, ClO^; Chlorous acid, CIO, ; 
and HypocHiiOHOcfl acid, CIO. 

226. CWorie Acid, HO,ClOs=85. 

Prep. — By passing a corrent of 01 into hot caustic po- 
tasaa, KO,HO, — chlorate of potasea, KO.ClOj, and chloride 
ofpot^Bium are formed. 6(K0,H0)+Cl(=K0,C10t.+ 
5KCl.r The hydrated acid is obtaiaed by decomposing 
chlorate of baryta, BaO.ClOs; by diluted H0,S0^ EaO.SO, 
-f nHO, C10(_ result. The eolation is concentrated by 
eraporation in vaeno. It is a sour liquid, a powerful osy- 
dising agent, and easily decomposed. The chlorates are 
all soluble and deflagrate with combustibles, even more 
violently than the nitrates; hence their use in pyrotediny. 
The Chlobatk op potabsa, KO.CIO,, is offiuinaL By add- 
ing strong sulphuric acid to K0,C105, esploaiTe, yellowish 
vapours of ClOj arise. This gas may be liquefied by cold 
and presBUfG, and is readily soluble in water. It does not 
form salts. 

227. HypOOhlorOBfl Acid, 010=43-5. — Is a gas resem- 
bling chlorine somewhat in colour, odour, and exceeding it. 
in bleaching properties, s. g. 3040; water dissolves 200 
vols. It readily decomposes with explosion. The acid 
itself is unimportant. The hypochlorUes are largely used 
as deodourisers and ioternallj in cases where CI is indi- 
cated, and as a convenient oxtemporaneous source of that 
olement. The chloride of lime, so called, contains hypo- 
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chlorite of lime and chloride of calcium; it is made by 
passing CI gradually over hydrate of lime, 2(CaO,HO) 
+ Clj=CaO,C10+Caei+9HO; from this the other hj-po- 
chloritea may be obtained by double decomposition. 

228. CMoiine and Hydrogen; Hydrochloric, or Muriatic 
Aci4, HCl=36-6. 

Prep. — By decomposing common salt by HO,SOj. 
NaCl+HO,SO.=N*0,SOi.+Hbl. The gas is passed into 
a Buccession of bottles containing water, in which stat« of 
solution it is used in practice, AcmUM HCBiATianM, 
U. S.P, To obtain it pure, it should be diluted with an 
equal bulk of water and distilled over chloride of barium, 
BaOl. 

For malting a amall quantity, the following proporlionB will be 
found conren.ent: 3 of NaCl. 5 of HO,SO„ and S of HO: three 
of UO are miied with the HO.SOt, and when cool poared upon 
the NaCl in a larf;e retort which in gently heated ; the remain- 
ing two parts of no are placed in the receiver to absorb the 
gas. The gaseous HCI is conveniently oht^ned on the smnll 
Hcale bj boiling an ounce or two of the aommercial acid. 

Prop. — The gaseous acid is colourless, trrespirable, s. g. 
1247; e^inguishes flame, and is incomhustible. It has a 
pungent acid odour, and fumee in the air, firom its attrac- 
tion for moisture. By a pressure of 40 atmospheres it con- 
denses into a limpid liquid, b. g. 1-2T. Water absorbs 480 
vols, and increaeea in bulk j. Tbe etcongest solution atill 
contains 6 eq. of water; its e.g. is I'21. Tbe commercial 
acid contains 8 eq. of HO, s. g, 116. It is, when pure, a 
colourless liquid fuming in the air, sharply acid and cor- 
rosive ; the commercial acid has a yellowish colour due to 
iron or sometimes to organic matter. It may be puri6ed 
by dilnting with an equal hulk of water and distilling over 
chloride of barium. 

Chem. Selations. — It is the type of the i 
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acts on easily oxidised metals, as sine, with tlie evolntion 
of H, and formation of tliGcbloride;2a+HCI=ZnCU+H. 
Witli bases it forms a chloride and water, AgO+HCl= 
AgCI + HO^-i FA,3H0 + 3HC1=?,C1,^+6H0. Two 
measures of HCl to one of HO.NOs, form Niteomueiatio 
ACID, Aqua regia, which will diasolYe gold and platinum. 
It contains free chlorine and chloronitric acid, NO,Cla 
chloronitrous acid, N0,C1, and does nqt Iteepwell. 

Med. Effects. — In large doses, HCl is an irritant poison; 
antidotes, chalk, soap, etc. In moderate doses, gtt x to xx, 
is nsed in low fevers, scarlatina, phthisis, dyspepsia, anii, 
diphtheria. Is usefully added to gargles, as infasion ^d 
cinchona, in the proportion of fgss or f^ij to fjvi. ^M 

Officinal Forms. — Acidtim mueiatictim, s. g. llSe^ 
AoiDUitt MDRiATicoM DiLm-UM, made by adding aquas deg- 
tiltatte, q. s. to 3iv, of the acid to make Oj; s.g. 1-038. 

Muriatic acid ahonld be colourleaa, wholly Tolatilised by beat; 
when diluted with aq. destillat. should yield no precipitate with 
nS (absenoe of metals gonerally), BaCl (absence of HO.SOj), 



m), should not diseolTe gold- 

229. Acidnm Nitromnriaticnm.— R. Add. nitric 3iij; 
acid, muriatic. Svss; aft«r effervescence has ceased, keep 
in a glass-stoppered bottle, protected from the light. Ad- 
dum nitromuriaticum dilutum is made by adding to the 
former aq. destillai. q. 8. ad Ojj. Is supposed to act speci- 
fically on the liver. Is used internally in the same doses 
as acid, muriai., and externally in baths. 

230. Otheb Compounds of CI. — With N it indii 
forms a highly explosive oily liquid, NCls (?); with 
direct combination, SCI and S,C1, both reddish liquids of 
offensive odour; the latt«r is used in the vulcanisation of 
India-rubber. With P, directly, PClj, a solid; and indi- 
rectly, PCls, a liquid. 
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BROMINE, Br= 18-26. 

' S3l. Nat.Sources. — Sea-water, saline springs, etc., from 
ftrhich it is obtained by n process aaalogvus to tixwA for 
rocuring chloriDe. Is officinal as Bkomijitch. 
I'rop. — Opaque, browuiah-red lii|ULd. The only eie- 
meat besides mercury existing in [lie liquid form st ordi> 

7 temperatures ; s. g. 3966; at 19° freews. 
; Is volatile at ordinary temperature; lias a pecntiar odour 
Kfaaembling chlorine, but quite distinct; csnstic t&ste:; botia 
t 1454°, giving a vapour resembling N0«; b. g. 5390. 
■ Slightly soluble (3 p. c.) in water, more so in alcohol and 
ether. Is caustic, ajid stains the @kin yellow. 

Oen. Chem. Set. — Resembles Chlorine; it does not 
rapport combustion, but bleaches. Forms with 0, Bromic 
f Acid, HO, BrO) (not isolable), and with H, Hydrobromic 
Acid. Forma compounds (bromides) with N, S, P, CI, I, and 
most of the metals, of which the Bkomide of Potassioi 
is officinal. The Bromides are decomposed by CI, bnt Br 

t decomposes the Iodides. 
Tett. — Chlorine water proilucea an orange-yellow tint 
In a solution, if bromine be present. 
Med. Effects. — In overdose, an irritant poison ; antidote, 
■mmonia (Smee). Is used externally, concentrated or in 
watery solution, as a eanstie. Internally is rarely given 
free, generally as Bromide of Potassium. 
lODIKE, I=12T. 

232. Natural Sources. — la widely diffused in nature, 
being found in sea-water, sea-weeds, sponge, saltwater 
mollusca, cod-liver oil, mineral springs, in many vegeta- 
bles, and the native iodides, as iodide of lead. It is ob- 
tained commercially from kelp, the ashes of sea-weeds, io 
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whicL it cxiata aa iodide of sodium. TLe process is analo- 
gous to that for obtaining CI and Br. 

Properties. — Soft bliiisb-black scales of a metallic 
lustre. It may be obtained by sublimation in obliqae 
rhomboidal crj'stals {5th system). It evaporates at com- 
mon temperatures, having an odour somewhat resembling 
that of CI Bud Br ; its taste is hot and acrid ; it is irri- 
tant when inhaled, and stains the sltin of an evanescent 
yellow; when continually applied, it causes thicltening and 
desquamation of the cuticle. The s. g. of iodine is 4-948; 
it fuses at 225°, boils at 347°, giving a vapour of a beaa- 
tifol violet colour, aod having a s. g. 8716. It requires 
7000 parts of water for solution, which is of a brownish 
colour. The addition of iodide of potassium renders it 
freely soluble. It is soluble in 12 parts of alcohol, and 
freely in ether, glycerine, and benzole. 

General Chemical Selaliong. — Has the general charac- 
ter of the halogens (244). Its affinities are more feeble 
than those of CI and Br. It does not bleach, but is a de- 
odouriscr. Indirectly, it forma iodic acid, HO,IOj, the 
periodic acid, HO.IO,, the hydriodic acid, HI; also com- 
pounds with N, S, P, CI, Br, and the metals. Iodine, 
hydriodic acid, the iodides of sulphur, potassium, iron, 
lead, arsenic, and mercury ere officinal. The iodide of 
nitrogen, NHI„ made by adding ammonia to a strong 
tincture of iodine, is when dry a black solid, exploding 
when touched. 

Impuriliea. — Fixed adulterations, as charcoal, plum- 
bago, and blacic oxide of manganese, remain when the 
iodine is sublimed. Water, which sometimes exists to the 
extent of 15 or 20 per cent, may be detected by the scales 
of iodine adhering to the sides of the bottle, and removed 
by quicklime. Iodide of cyanogen being more volatile 
than iodine, rises at the beginning of the sublimation. 
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[ snd condenseB on a cold snrface in colourless, pungent 
ystala. Test. — Boiled starch yields & deep blue colour; 
e solutions must be cold, and the iodine free. If com- 
Jliined, it may be liberated by HO.XOj. 

Medical Ejects. — Is used estematly as b count«r-irri- 

t and dificutient ; internally as an alterative. In orer- 

le, is an irritant poison ; antidote, boiled starch. The 

contact of metals in any form should be carefully avoided 

^in administering it 

233. Officinal Forms:— 

(1) lodinium. 

(2) Tinctura lodinii contains Jj in OJ aleohoJ. or gr j lo 
■gtt ssxT. When first made it is decomposed by admix- 

r ture with water ; after a time, hydriodic acid. HI, and 
f (rther compounds are formed which prevent thip. It is 
^generally used estemally. Dose, gtt x to xx. The ao- 
l Balled colourless tincture of iodine is made by adding an 
ftiequal bulk of solution of ammonia (276). It coatains 
Ik Iodide of ammonium ; explosive iodide of nitrogen might 
[ be formed from it (232). 

(3) TinctuTU lodinii Composila contains .5s9 lodinii, %j 
ii Todidi, to Oj Alrohol. It may be diluted m'tboat 

*ange. Dose, gtt x to xxx, 

LiQuoa loDiNn Costposrrrs — LugoVe solution, conlaina 

KgT ccclx of Iodine, Siss Potass. lodid.. in Oj Aqu(e. The 

Plodine is rendered soluble by the KI. This solution keeps 

I, and is the best form for internal nse. I>oi»e, gtl v 

TTNOTTENTirM lOMNii is made by TObbinp: gr sx lodinii. 
V PolasB. lodid. with nj, vj Aqws, until dissolved ; then 
mixing thoroughly with Jj Adipis. It is a powerful 
, Btimulant and discuticnt, but does not keep well. 

TTnqcentum loDiun Compositum is prepared in the 
keame way, using gr xv lodinii, pr xxs Patau*, fodid., 
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t^xzx Aquce, and Jj Adipis. Is somewhat stronger than 
the former, and keeps better 

AcTDCM HtDRioDicnM DiLTiTUM IS made by passing a 
current of HS through I, enspended in distilled water, 
until the color of the I disappears; sulphur is deposited 
3j lodinii. with q. p. Aqwe destUlaioi to make Jtj, are the 
propoHioDHUBed. I+HO+HS=nU+HO^+S. Thes.g. 

of the preparation ia 1112; it contains 10 grs. of I to (3j, 
Dose, gtt iv, gradually increased. Effects, those of L 

SuLPHUBitJ loDiDUM, Iodide of Sulphur, Sjl; ia made 
by melting together in a glass flask a mixttire of 3" 
lodinii and Sj Sulphur, sublimat. It U insoluble in 
water, soluble in GO parts of glycerine ; entirely volatQised 
hy heat, and decomposed by long boiling in water. Ia 
used eiterually in chronic skin diseases. The Ung. Sul- 
PHVRis loDiin contains gr six to 5j Adipis. It should not 
be perfumed, as S,I is decomposed by many volatile oils, 

FLrORINE, F=19. 

234. Nat. Soiirees. — Fluor spar, CaF, Crj-olite, Al^„ 
3NaF; it exists in recent boues and the enamel of teeth. 
Owing to its energetic affinities, has never been satiefac- 
torily isolated. Its only compounds with the noo-metallic 
elements are Hydrofiaoric Acid, HF, and fluoride of sili- 
con, SiFa, and fluoride of boron, BFa- 

Hydroflaoric Acid, EF==20. — Is prepared by the action 
of nOjSOj upon powdered fluor spar in a leaden vessel, 

CaF-(.HO,SO,= CaO,SOi.+ HF. Is a colourless, highly 
corrosive gas, s. g. 689 ; below 60°, is a colourless liquid, 
B.g. 1-06; it has not been frozen. A hydrate, 4H0,HF, b. g, 
1-16, is made by gradually adding water to this hqnid; it 
boils at 284°, and may be preserved in gutta-percha bot- 
tles. It is chiefly used for etching upon glass, which it 
accomplishes by attacking the silica of that substance. 
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In etcbiog upon glasa, the plate is first ooveied -with wax, con- 
veniently by pouring over it a solution of wax in benzine, and 
allowing the latter to eraporate. The design is then traced 
through the -kb-x with the point of a needle, and the plate laid, 
face downwards, upon a leaden tmugh cuntiiining the pondered 
CaP and HO.SO^ The gas rises upon the application of a gentle 
heat, and speedily corrodes the glass where not protected by the 
wax ; the lattflr may be removed bj benrine or oil of turpentine. 
The liquid acid may be used, but the lines while eaten into the 
^laes are transparent and not easily seen ; when the gaseous acid 
13 used, they are rough and translucent 

CYANOGEN, C,NCy=2G. 
285. Prep. — C and N unite at a liigh temperature in 
the presence of a strong base. When a current of N or air 
IB passed oror a mixtnre of cliarcoal and pearlash heated to 
redness, cyanide of potassium, KCy, is formed, KO,CO,+ 
C,+N'=KC^,+3C0. It is also formed daring the de- 
etructive distillation of coal and animal matters, the ammo- 
nia formed at the same time acting as the base. It may 
be obtained free by heating to redness well dried cyanide 
of mercury, HgCy ; a portion of the Cy passes over, the 
mercuiy volatilises, but is condensed in the cooler part of 
the retort, and a black body, paracyanogcn, C,N„ remains. 
The gas must be coHected over mercury. 

Prop. — A colourless, neutral gas, of a, pungent odour, 
irritating to the eyes, highly poisonous, inflammable, Imm- 
ing with a peachblossom-eoloured flame, b. g. I R06. Water 
dissolves 4.5 volumes, alcohol 23 volumes. Tbo watery 
solution rapidly decomposes on exposure to light; is con- 
densed by cold and a pressure of three atmospheres into 
a colourless, limpid liquid, s. g. 0.9 ; at — 30° is solid. 

Chemical Relations. — Although a compound, cyanogen 
acta as an element. It belongs to the halogens, forming a 
hydrogen acid, HCy, and cyanides. Its affinities are less 
energetic than those of CI, Br. and I ; it does not combine 
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directly with H, bleach, nor Bupport combastion, except 
of the ollcali melikls, which, when igaited and introduced 
into it, combine directly, producing their cyanides. It 
forms a curious and iraporlftnt series of conjvgale com- 
pounds * with S and certain metals, which are not ieolablo. 
but have tie same chemical relations as Cy- The most 
important of these arc. Fkbrooyanooen, FeCyj,/em'CT/on- 
ogen, Fe,Cy„ and svlphocyanogen, S,Cy. 

With 0, ilformfl a series of acids which exist {eieept cyanurio 
CjiOi) only in cotnbinBtion with water or a base ; they are poly- 
mtric — that is, have the eame coDatituentB in muldple propor- 
tions. HO.CjO, Cyanicacii; the cyan»te of ammonia If identical 
or isomeric with urea. 2HO.C3JO,, fulminie acid; the fulmi- 
oateaare highly ezploaire; thatof memarj leased in pereuHHion- 
capi and fcictioo-primere. 3H0,Ct/)i, cyanurio acid, and HO, 
CyA.+2H0, fulininurio acid. 

23e. Hydrocyanic Aoid (Pntssio Add). HC,N, or HOy 

Prep. — Anhydrous by passing dry HS over dry cyanide 
of silver, AgOy+HS-^AgS^+HCy ; diluted by the reac- 
tion of AgCy and HCl+nHO=AgCl+HCy+nHO,^. or 
by the action of dilute sulphuric acid upon ferroeyanide 
of potassium, KjFeCya. This reaction is complex. 

Prop. — Anhydrous, a colourless liquid, s, g. 7058; 
powerful characteristic odour; solid at 3°, boils at 19°; 
B. g, vapour 696. Is fearfully poisonous, whether applied 
to the tongue, the skin, or when inhaled ; a single drop 
placed upon the tongue produces almost instant death. 
It is feebly acid, and prone to decomposition. The diluie 
acid possesses the same properties in a less degree ; it has 
a warm, acrid taste, and inhaled produces irritation of the 
nose and fauces. 

• CoHjiigatt compoimdi an thoFB in which the properties diHer tjova 
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Medical Effects. — In medicinal doses, is sedative and 
Intispasmodic ; externally, is applied to allay the itching 
rf prurigo. Dose of the medieinal acid, gtt ij to vj, dilated. 

In poisonouB doees, the effects are, sudden loss of con- 
•ciouBQess, difficult and rattling respiration, immobility, 
md sometimes contraction of the pupilB, swelling and 
ttiffness of the neck, and convulsions. In many cases 
leath is almost instantaneous. Where time is allowed 
ir the use of antidotes, ckloi-ine, which may be liberated 
by moistening chloride of lime on a towel with vinegar, 
fe the most efficient. It may be inhaled cautiously, or 
given internally as chlorine water. Next to chlorine ranks 
lonia; a mixture of ferrons sulphate, FeO,SOa, with 
ferric sulphate, FCjOb,3S03, and carbonate of potassa, 
KO,COj, has Ijeen used successfully. It converts the 
])<)ison into inert Prussian blue, Fe,Cfya- Gold affusion 
io the spine, and frictions, are also to be employed. 

Tesfe.— When not overpowered by other strong odours, 
Uiat of HCy ia characteristic. 1. Nitrate of silcer gives 
a dense white precipitate, insoluble in cold, HO.NOj, solu- 
ble in boiling, HO.NO,, not blackened on exposure to the 
light (distinction from AgOl). When well dried it may 
Ibe decomposed by heat in a tube of hard glass, aud the 
characteristic flame of Cy obtained. 2. Scheele's. Add to 
hlhe suspected solution a few drops of a solution of fer- 
rous sulphate, FeO,SO„ followed by solution of potassa, 
KO,HO, a greenish colour will be produced, which darkens 
on agitation, from the absorption of 0. Then add diluted 
HCl; Prussian blue, Fe,Cfyj, will remain behind, and may 
be recognised by its colour and insolubility in dilute acids. 
3. Liebig's. Add to the suspected solution a few drops of 
sulphydrafe of ammonia, i'HjS,HS, sulpbocyanide of 
^ ammonium will be formed (NH^S,HS-fHCy+0, C«r)= 
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fialts of the scsquioxide of iron (ferric salts). Sulpbocya- 
nido of potiissiura, KS,Cy, exists in the saliva of man, the 
dog, horse, and sheep;* thi» fact should be borne in mind 
in using this test. 

Tliese tests nmy be conveniently applied to the vapour of the 
acid, as it israea irom a complex hquid, by putting the latter in 
a email jar ovor whiob h inverted a wateh-glitsa. Into the latt«r 
' e teat eulutdons are t« be planed. (Tajlor.)t The tests ihonid 
arly on account of the volatile and imstable cbarao- 
on. After putrefaction it is found as Bulphocyanide 
I, which maj be dissolved out bj alcohol. In order 
to separate the acid from the complex contents of the atomaeb, 
the latter should be acidulated with tartu 
a temperature not exceeding 178°, the r 
by ice. 

Officinal Form. — Acidvm Hydrocyanicum dilutum. 
Prepared (1) by the action of dilute sulphuric acid upon 
ferrocyanide of potaBsium, (K,Cfy). (2) Exlempora- 
neousli/, by mixing 50^ grs. of cyanide of silver, AgCy, 
with Ji of distilled water, and adding 41 grs. of muriatic 
acid. When the chloride of silver has subsided, pour off 
for use ; it should be kept in well-stopped bottles, away 
from the light It contains two per cent, of real acid. 
Do»e, gtt i to V. Scheele'g acid contains 5 per cent, and 
sbonld never be employed. Ijicompatibles, the alkalies, 
salts of silver, iron, copper, and mercury ; paregoric. 

231. Venocymogea, FeCystCfy, Fer7'icyanogen, FcjCy, 
Cfdy, and Sulphocyanogen, S,Cy. When cyanide of po- 
tassium is digested with iron filings, oxygen ia absorbed, 
the iron disappears, and lemon-yellow crystals of ferro- 
cyanide of potassium, K,FeCys-|-3H0 or K,Ciy, may 
be obtained on evaporation. By passing through a cold 
dilute solution of K,Cfy a current of chlorine, the liquid 
acquires a reddish colour, and on evaporation yields ruby 
crystals of ferricyanide of potassium, K,Fe,CyB, or K, 

* Lkbvinv's Pl^mUigiaat Cluiiiulry, i. 431. 
t DsiNiiE and Ta.ti.or, Am. cd„ 2BV. 
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Cfy; 2K,Cfj'+CI=E,Cfdy-^-t-KCl-*. Sulphocyanide of 
potassium, KSjCy or KCsy, is prepared by fusing S with 
KCy. 

Chemical Relations. — These remarkable bodies are 

'fnenibers of a group of bodies (argento-cyanogen, pla- 
ti no-cyanogen, cobalto-cyanogen, nitro-prossides) none of 
which are isolable. They are all electro-negative, and 
iict as halogens, forming H acids (hydroferrocyanic 

'HiCfy,hydroferricyanicHaCfdy, hydrosulphocyanicHCsy) 
and salts. The ferrocyanides of potassium and iron are 
officinal. 

The iron \a the ferro and ferricjBnidea baa ila chsmical and 
to a certain extent its physical properties auapecded. It hoa 
beeome electro-negatiTe. It cannot bo detected by the usual 
cbemical testa, and the cryatala are diamagnetic, that is, are 
irepelled by the magnet, whereas all bodies in which iron eiials 
in its ordinary, or basic, or electro-poaitivo form, are powerfully 
inagneCic. 

BORON, B=10-9. 
Is an unimportant element belonging to a natural group 
with carbon and ailicon. It exists in boracie acid, BOj, 
which is found in certain lagoons in Tuscany, and as 
BOEAX, biborate of soda, XaO,2BOj-flOHO, found native 
in India and California. BOi fuses to a transparent glass. 
Its crystalline hydrate, nO,B0j+2HO, is in transparent 

^pearly scales (5th system), soluble in 25 parts of cold and 
3 of boiling water, and in alcohol, to the ttame of which it 
communicates a green colour; it ia volatilised at a white 
]ieat. It is nearly tasteless, and feebly reddens litmus; at 
ordinary temperature ia the feeblest of the acids, hut from 

Jte fixed character will decompose the sulphates at a red 

Jeat tni). 



SILICON, Si=2L 

S38. Exists combined id nature as Silica, SiOj. In this 
form it is abundantly distributed, silica being found nearly 
pure as quartz and sand, and combined in clay, granite, 
feldspar, and many crystallised minerals. It esjste also 
iu the stalks and husks of grain, in the ashes of plants, in 
the hair, and forms the skeletons of infusoria, which, when 
fossil, constitute polishing slates and powders. The ele- 
ment has been, like boron, obtained in three fonna, resem- 
bling carbon in its modifications of the diamond, graphite, 
and lampblack. 

Silica, Silicic Acid, SiOj. — Quarts, flint, agate, chal- 
cedony, etc., are nearly pure varieties of this enbstance. 
From its insolubility it possesses no acid reaction, bat at 
a high temperature combines with bases to form the ^- 
cates, as glass. Mr. Graham has obtained it in the soluble 
form by dialysis (138). It has then an acrid taste, and 
reddens vegetable blues; it speedily assumes the insoluble 
or pectised condition. It may be precipitated from an 
alkaline silicate as a gelatinous hydrate containing a vari- 
able proportion of water; it is then soluble in the mineral 
acids and combines with caustic alkalies. The latter 
attack the softer forms of glass, abstracting the silica. 
With F it forms a gaseons fluoride of silicon, SiFj, which 
is decomposed by water, yielding silica and hydrofluosilicio 
acid, 2HF,3SiFa. The latter is used in analyai 



THE METALS. 

239. Nai. Sources. — The less easily oxidised metals, i 
silver, gold, platinum, copper, and bismuth, are found fl 
live, that is in the metallic state. Load, copper, mercu 
arsenic, antimony, and iron, zinc and others, occi 
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phides. Iron and tin usually occur as oxides. The fol- 
lowing occur as oxy-salta; the metals of the alkalies and 
alkalioe eaithe, as carboaates, sulphates, and silicates; iron 
as carbonate, kiuc as carbonate and silicate; lead as car- 
bonate, sulphate, phosphate, etc. The native chlorides 
and iodides, excopt of sodium, are rare. 

240. Extraction. — Native metals are separated from 
the aarrounding rock or gangue by crushing, the metal 
being tougher resists, while the rock is powdered ; tbe two 
are then thrown into water; tbe metal, by its greater 
Specific gravity, sinks, while the powdered rock remains 
temporarily suspended and is poured o£f with the water. 
When the metal occurs in large masses, these are picked 
out by hand ; when the particles arc very fine, they cannot 
bo separated by difference of specific gravity, and are then, 
in the case of the precious metals, extracted by amalgama- 
tion, the action of chlorine or the alkalies, which latter 
dissolve the quartzy gauguo. Oxides and oxy-salts are 
reduced by carbon at a high heat. Sulphides are roasted, 
that is, heated with exposure to air; the S is burned off, 
and the metal generally remains as oxide. 

241. Properties. — The metals are all opaque; gold in 
very thin film transmits a greenish light. They are all 
insoluble in menstrua. When attacked by acids, it is not 
true solution, but chemical compounds are formed. They 
have a brilliant lustre ; this is also possessed by C 
(graphite), I, and some sulphides (galena, pyrites, etc.). 
They are the best conductors of heat and electricity, silver 
standing first, and bismuth last on the list. Some, as gold, 
iron, lead, and tin, are highly malleable; gold may be 
beaten into leaves the jja'ajn <*f ^^ ^^'^^ '^ thickness ; bis- 
muth, antimony, and arsenic may be powdered ; 
malleable or brittle according to the temperati 
dueiilHy or tenacity varies. Iron and platinum bear 
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ing into very fine wire ; lead has only j'j the tenacity of 
the former. Their specific gravity varies from lithium, 
0-593, the lightest solid body known, to platinum, 21*530, 
the heaviest. Thcvt fusing points vary from — 39° mercury 
to the heat of the compound blowpipe. They are proba- 
bly all volatile, but the following may be distilled : mer- 
cury, zinc, cadmium, arsenic, potassium and sodium. 

242. Chem. Relations. — With each other they form al- 
loys; those with mercury are termed amalgams. They 
all unite with 0, but with varying affinity. Some, as po- 
tassium, decompose water at ordinary temperature ; others, 
as iron, at a red heat; others, as silver, gold, and plati- 
num, will only unite by indirect methods. The protoxides 
are strong bases, the segquioxides feeble ones, sometimes 
acting as acids ; the higher oxides are generally neuter or 
acid. The sulphides, chlorides, and iodides generally car- 
respond in their number and the proportion of their con- 
stituents to the oxides Ex.: FeO.FeiO,, PeS,Fe,S„ Fed, 
FcjClj, etc. As exceptions to this law, we find generally 
more sulphides than oxides, and fewer chlorides and iodides. 

ConstiliUion of Sails. — A salt is the union of an acid 
with a base, or of a halogen body with a metal (224), 
Oxygen, sulphur, selenium, and tellurium are the only 
electro-negative bodies capable of forming both acids and 
bases. Ex.:KO,AsOj; KS,ASj, KSe,ASSe, ; KTe.AsTe,; 
they are termed the amphigen bodies (184). The amphi- 
gea must be the same in the acid and base. 

ThuB, an oiygen acid will not unite with a sulphnt baae, but 
decompoBOH it. K8+H0,S0,=K0,S0»,-HIS.* Sometimes we 
have a union of an oxide and a sulphida or chloride, formiag an 
oxyaulphide; Ei. : SbO„2Sb8, ! or oxychtoHde, b« 5SbO,.SbCl,; but 
these are not salts. The only important amphtde salts are those 
of and 8. It has been proposed to bring all salts under the 
same uonstitution, as haloid salts, by aHt^uming the H as the aeidi- 
fyine principle in all aoids. Under this binary theoTj of salt«, 
Eulphurio acid is H,SO„ sulphate of potassa E,SO„ etc., the metals 
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243. Normal Salts. — The rule in regard to the constitu- 
tion of oxy-salta is, that they must contain as many 
equivalents of acid as there are of oxygen in the base. 
Thus, for & protoxide one, FeO,SO,; a sesqui- or (er-oxide 
three, FesO,,3SOi, BiOs,3NOs. Such salts hare been termed 
neutral, but normal is preferable, as tho salts of the ses- 
quiosideB are acid to test-paper. Where a body is chemi- 
cally indifferent as MnO„ the term neuter is suggested. 
Where the proportion of acid is not so great as that indi- 
cated, a su&-salt is formed which generally crystallises 
imperfectly or not at all, and is in many cases insoluble; 
SPbO.C^HaOs, (m-acetate of lead; 2FeiO„5SOa, sub-sal- 
phate of aesquioxide of iron. 

The Btndeat ie generally confused, in studying the KKq\U com' 

Bounds, by overlooking tbe fact that the equiviLlent is doubled, 
he proportion of iron in Fe/3, is FeOlJ; but to avoid tbe half 
equiTalent, the formula ia doubled; bencie, tvm eq. of a protoxida 
yield bat one of a sesqutoxlde. In all coia tti reaations of 
Heaqni oomponnds, Arm equivalents of the reacting body are 
required. The student will find the stndy of the reactions given 
below very useful in overcoming the difficulties of those met 
with in the chemistry of the tnetala. They are the types of 
ohanges constantly reonrring. 

1. Protoiide with HCl; ZnO^-l-HCI^ZnCU-f-HO,. 

2. ScBquioiidewithHCl; FeA.3HO-|-3HCl=Fe,CU-f.6HO^, 

3. ProtoBalt with alkali; FeO,SOH-KO,UO = FeO,HO-i-KO, 
S0»« orFeCl+KO,nO=FeO,HO-|-KCl_. * 

4. The same with an alkaline carbonate; FeO,SO,-!-KO,COj= 
reO,CO,-|-KO,SO^„ or FeCl-l-KO.CO^FeO.CO.+KCU 

5. Sesqui-snit w 
3IIO-h3(KO,SO,)^ 

For other important typical reactions, see ChemiBtry of Chlo- 
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General Mclhodn of Preparing Compounds of the 3 

"Hi. 1. Oxidna ar« made by (a) direct combination, as 
iu burning zinc; (&) by precipitation of a ealt by cauetii^ ' 
alkali, as in making ferric hydrate, TcjOj.SHO (314); 
in this case the orido is generally hydrated. (c) By 
<ictompo8ing an oxy-salt, as in making lime from its car- 
Iwuate or red precipitate from the nitrat* of mercury. 2. 
Sulphides are usually found native or formed by direct 
combination. 8. Chlorides, (a) By direct combination of 
the gas or the free chlorine of Aqua regia (238). (6) By 
Iho action of HOI on an easily oxidised metal, Zn+HCI= 
ZnCl_.+ n. (c) By disBolving an Oxide or carbonate in 
IIOl; ZnO+nOI=ZnCl+HO. 4. Iodides and bromides, 
hy direct union, as in iodide of iron, or by double decom- 
position, as iodido of mercury, HgCI+KI=HgI+KCl-». 
5. Sulphates and nitralea, by the action of tho acid on 
tho metal, or its oxide or carbonate. (6) Carbonates are 
found native or obtained by double decomposition, aa iu 
Vallof» maB8, FcO,CO, (320). The other salts of the 
iixy-acida are made by direct action of the acid on the 
(ixlde of the metal, or its carbonate, or by double decom- 
pofiltion. 

345. IsomorpMsm. — Certain bodies of eimilar chemical 
constitution have the property of replacing each other in., 
crystalline compounds without altering their crystaJline 
form. In many cases these similar compounds have the,^ I 
same color, and even taste. These bodies are said to be 
isomorphous (Gr. isos, equal, and jnorphe, form). 

Strictly Hpealing, any hodiea crystallising in the same system 
are iBOmorphous, as the diamond and nlum; but the term !■ ■ 
Testrictod to those which hare also similar chemical relationa, 
Ibe law of Mitsohertich, that " the eame nDmber of atoms simi- 
loilj oomhined produce the same crystalline form," although ' 
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generally correct, cannot be conwdered &9 unirersBlly tmc. 
JSxamplefi of isotnorphiflin are found in the aluma (3U1), in which 
the eeequioxides of aluminum, iron, manj^anene, and chromium, 
and potaBBa, soda, and ammonia replace each other, without 
change in form, amount of water of crystal ligation, &e., and in 
some cases the compounde are only distinguishable hy chemical 
tcitfi. In doubh salts the two hasoa are never taken from the 
same isDmOTphous family. Isomorphoua eaXis are separated with 
great difficulty b^ cryatallieation, unless the difierenae of their 
Holubilit; IB considerable. 

The following more important meCala are classified in iso- 
morphouB groups: (1) Mg^Oa, Mn, Fe, Co, Ni, Zu, Cd, Co, Cr, 
Al; (2) Ba. Sr, Pb, K, NH„ Na, Ag, Au; (4) Sb, As, Bi. 

24G. Clabbification. — The more important metals (in 
Medical ChcmiBtry) may bo thus classified: — 

1. Metals of tlie Alkalies: K, Ka, Li, NH^. Theirosides 
and carbonates are all soluble ; they have a powerful alka- 
line reaction and are caustic. Their oxides are soluble in 
alcohol. 

2. MettdsoftJieAltalmeEartli8:Ca,Mg,Ba,Sr. Their 
oxides have a more feebly alkaline reaction, are less solu- 
ble in water; MgO is quite insoluble. Their carbonates 
and phosphates are insoluble ; they form soluble bicarbo- 
nates. 

3. Metals of the Earths. Aluminum is the only impor- 
tant member. Their oxides are insoluble, without alkaline 
reaction, and combine with both acids and bases. 

4. Metals Proper; Heavy Metals; Calcigenoux Metals: 
Mn, Fe, Cr, Zn, Cd, Sn, Ei, As, Sb, Cu, Pb, Hg, Au, Ag, 
Ft. Their oxides are precipitated by IIS or NH:,S,HS. 
Hg, An, Ag, Ft are termed noblo metals; their oxides are 
reduced by heat alone, and they do not dceomposo water 
at any temperature. 

The following enter iuto compounds wlildi are officinal, 
U.S.F.: K, Na, Li, Nil,, Ca, lia, Mg, Al, Vc, Cr, Cu, Cd, 
Pb, As, Sb, Hi, Hg, Ag. 
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POTASSIUM, K=39.* 

SVLLABTJS or COMPOUNDS.f 

OxiDB (hydrated), KO.nO: (a) Liquor Polassw; (p) 
Potassa. 

SuLPHiDB, Polassii Sulphuretam, Liver of Sulphar, 
2KSi,+K0,S,O„ Tfiriable. 

Iodide, K.I, Potassii lodidum. 

Beomide, KBr, Potassii Broviidum. 

Cyanide, KCy, Potassii Gyanidum. 

Ferroctahide, KjCysFe+SHO; Potassii Ferrocyani- 
dvm; Ferricyanide, KjCyeFe,; Siilphocyanide, KCySj. 

Nitrate, KO.NOs, Pofassse NUras, Kitre, Saltpetre. 

Carbonates: (d) Polassae Carbonaa impttra, Pearlash; 
(b) Polaasee Carbonaa, KOjCOj; (c) Potasses Carbonas 
pHra, Salt of Tartar; (d) Polaasas Bicarbonas, KO,HO, 
2C0„ Sal Aeratua. 

Oxaiates, K0,CA+E0; KO,2C,0,+ HO,KO,4Ci,Os 
+ 7H0; Salt of Sorrel, Salt of Lemon. 

Sulphate, KO,SOa, Potasste Sulphaa; Bisulphate, KO, 
S03+H0,S0,. 

Chlorate, K0,C10„ Potasses Ckloras; Hypochlorite, 
KO.CIO + KCl, Eau de Javelle. 

Acetate, Potassse Acetas, KO.CjHjOa, or KO.A. 

Tartrates: (a) Polasase Bilarlras, KO.HO.CgH^Oio, 
Cream of Tartar; (6) PotaassB Tartras, SKO.CsH^Oa, 
Soluble Tartar; (e) Potassse et Sodte Tartras, KO.NaO, 
CsHtCo, Rochelle Salt. 

Citrate, K0,CiaHsO,j: {a) Polasase CUraa ; (b) Liquor 

■ OffioinsI cninponnda have tbeir namea in Latin, alia in ItnlisBj tfa« I 

t The Ajiiimfe. of oiidaB 
ogmidered with tho anhydro: 
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Potassm Gitratis; (c) Mistura Polassm CUralis. Neotrdl 
Mixture. Pola&mcum.calce,Aluviien, Ferri et PotassaeTar- 
tras, Pola»sx Permanganae, Potasim Bickrovias, Idquor 
Potassx Arsenitia, and Anlimonu et Poiassm Tarlras will 
be considered ander the heads of Ca, Al, Fe, Mn, Cr, As, 
and Sb. 

241. Nat. Sources. — Exiets in many roclcB and minerals, 
as clay, feldspar, mica, etc. These gradually disintegrate 
and decompose under atmospLeric influences ; tbc potassa 
is taken up from the toil thus formed, and assimilated by 
plants from the ashea of which it is obtained by lixiviation 
tks impure carbonate (potash, pearlash). The loaves and 
yonng shoots are richest in potaasa. 

Prep. — By heating the carbonate to whiteness with C; 
K distils over. 

Prop. — Potassium is a brilliant white metal, silvery 
lustre, soft at common temperatures ; brittle and crystal- 
line at 33° ; melts at 144'5'' ; distila at a low red beat, 
giving a vapour of a green colour. S. g. 0'865. It has a 
strong affinity for O, its cut surface instantly tarnishes ; 
it Boon oxidises in the air, and must be kept under naph- 
tha or petroleum. It forma with oxygen KO and K0„ 
the latter unimportant. Potassa, KO, is formed by burn- 
ing E in dry air ; it is a white, fusible, volatile body, com- 
bining eagerly with HO, with the evolution of heat. It 
ia a powerful base, forming a series of salts most of which 
are colourless and soluble. The best test is bichloride of 
platinum, PtCIi, which forms a yellow, sparingly soluble 
double chloride, KCl -|- PtCli,. With Sulphur it forms 
five compounds, KS, KSa, and KS5 being the most im- 
portant. The other compounds of K and KO will be 
considered in detail hereafter. 

248. (1) Hydrate, KO,HO ; Liquor Polasaee.— Is ma.de 
as follows: Take of Potassa Bicarb, gxv, Calcis %\x. 
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Aqua Desnilatee q. a. Diasolve the bicarbonate in Oiv 
of the water, and boil until effervescence ceasea ; add 
enough to make np the loss by evaporation ; then mix the 
lime with Oiv water, heat to the boiling-point in a metal- 
lic yossel, add to the potassa solution, and boil for 10 
minutes ; strain through a muslin strainer, and add to the 
residue on the strainer enough distilled water to make 
Ovij. Keep in well-stoppered green glass bottles. It 
may also be made by dissolving Polassa, TJ. S. P., Ji, in 
Oj of distilled water, pouring off the solution from any 
sediment that may deposit. 

The bicarbonate is selected oa account of ita purity ; it loses 
CO, during the boiling, becoming sesqui-carbonate. The lime 
forms an insoluble compound with CO,, and therefore aeta aa 
the Btronger base (170). With KO,CO„ the reaction would be, 
KO.CO,-|-CaO,HO=CaO,C,Ori-KO,HO,. Green glasB bottles 
are less liable tn be attacked by alkaline solutions than those of 
ordinarj glass. 

Prop, and Med. Effects. — A con'osive, colourless liquid, 
s. g. 1065, containing 5j^g per cent, of KO,HO. Has a 
powerful affinity for COj. In large doses, a corrosive 
poison; antidotes: weak acids and oily matters. In metfi- 
cinal doses, gtt xx t. d. is given as an anta«id and alter- 
ative. Used in gout, rheumatism, chronic skin diseases, 
obesity, etc. Should be given diluted in milk. Is incom- 
patible with all acids, acid salts, and those of the metala 
generally, except sodium. 

Polassa, Caustic potash, Potassa fusa, KO,HO, is made 
by evaporating Liquor potasste in aji iron vessel until boil- 
ing ceases and the potassa melts ; it is then poured into 
moulds. It is a white, deliquescent solid, producing a 
soapy feel when rubbed between the fingers, from the de- 
struction of the cuticle. The commercial article is impure 
and of a grayish colour ; it may be purified by alcohol, 
which dissolves the KO,ITO, and leaves mo.'^t of the 
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parities. It is used externally as an escharotic ; from its 
(leliqaescent character is apt to spread. It may be neu- 
tralised by weak vinegar. 

249. (_2) Sulphide, Potassii eulpkuretum, Hepar sulphu- 
ris, liiver of sulphur. Prep. — By heating 3j Sulphur 
Sublimal. mixed with |ij Fotassmcarb. until eflferveseeace 
ceases and the mass melts ; it is tben poured upon a 
slab, and when eool broken into pieces; 3(K0,C0j)-f 8,= 
2KS,+KO,S,0,+3CO,. Is a mixture of tersulphide of 
K with hyposulphite of KO ; on exposure to the air, it 
gradually absorbs O, and becomes converted into sul- 

Prop. — A liver-coloured, uncryetalline mass, smelling 
of HS, which is freely evolved by the addition of dilute 
acids. It ia freely soluble in water. Med. Effects. — In 
overdose, a poison irritating the stomach, depressing the 
nervous system and the action of the heart. Antidote : 
Sulphate of zinc, ZnO.SO,. Is rarely used internally ; ex- 
ternally is applied as a lotion, gr. xv to xxx to Jj Aqum 
in chronic skin diseases. Its odour may be disguised by 
oil of Anise (Ruschenberger). Is incompatible with acids, 
acidulous salts, and those of the metals generally, 

250. Bromide, KBr; Potassii Bromidum. 

Prep. — Is generally made on the large scale; 3y of bro- 
mine are added to 3j of iron filings in Oiss of distilled 
water. They combine, by the aid of a gentle heat, to form 
a greenish solution of FeBr; to this is added ^ij, gr. Ix, 
of pure carbonate of potassa, dissolved in Oias of distilled 
water, until no further precipitate ia produced. The pre- 
cipitate is washed and the filtrate crystallised, FeBr-|-KO, 
CO,=FeO,CO,-t-KBr.^ 

Prop. — In cubic crystals resembling KI; ia sparingly 
soluble in alcohol ; should not lose weight on being heated. 
Its taste resembles that of NaCI. 
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Med. Effects. — Has a marked Bodative action on the 
nervous eystem ; causes aiwestliesia of the fauces ; i 
ministered before operations or examinations of the throat ; 
used in epilepsy, sleeplessness, and other nervouB disor- 
ders, in engorgement of the uterus and prostate, spermur 
torrbcea, etc. Dose, gr. v to xxx, t. d. Incompatible^, thoBe 
of the iodide. 

251. Iodide, EI; Potassii ladidum. 

Prep. — Is generally prepared on the largo scale. Iodine 
$s.vi is boiled with potassa .^vi in Oiij of distilled water. 
The solution is evaporated to dryness, mixed with pow- 
dered charcoal Sy and heated for 15 minutes to redness 
in an iron crucible. The mass is lixiviated and the salt 
crystallised out. {l)6KO+I,=KO,IOs+5KI; (2)K0,I0, 
+C,=KI+6C0. 

Prop — Anhydrous, cubic crystals (1st system), opaque 
white, or transparent; of a saline, cooling, disagreeable 
taste; soluble in two-thirds ita weight of cold water and 
U or 8 parts o^ cold alcohol. 

Impurities and Adulterations. — Bromide of potassium, 
flometimea sold for the iodide, does not precipitate with cor- 
rosive sublimate. The most common impurities are : 1, 
Chlorides, which, with nitrate, of silver, throw down a 
white precipitate, AgCl, freely soluble in ammonia. KI 
throws down iodide of silver, Agl, which is scarcely solu- 
ble in ammonia. 2. Bromides, which may be detected by 
removing all the I from the liquid by sulphate of copper 
and SOj, and testing for bromine. lodate and carbonate 
of potassa may be detected by their insolubility in alcohol. 
If the iodide should be very deliquescent, KO.COj maybe 
suspected. 

Med. Effects. — Those of iodine generally. Used in slow 
poisoning by mercury and lead; which it is supposed to 
convert in the tissues into iodides, which it afterwards 
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dissolTes, May thus render mercury active, and produce 
BftliTation. Dose, gr. v to xxs; has been given in Jss 
doses. 

IncompaHbles. — Mineral acida, salts of copper, lead, 
silver, iron, manganese ; all the preparations of mercury, 
except the red iodide — tartaric acid. 

Unoubntum PoTAsan Iodtdi, is made by rubbing up 
gr. Ix Potass. lodid., dissolved in fgj Aquse, with gj Adi- 
pis. 

252. Cyajiide — Pofassii Cyanidum — KCy. Isprepared 
by melting together a mixture of Jviii dried ferrocyanide 
of potassium, KjCfy, and 3'y of pure carbonate of po- 
tassa, KO,CO,; iron is precipitated, and the fused mass is 
poured off, and, when cool, broken into pieces, which must 
be kept in well-stopped bottles. The prodact is a mixture 
of KCy with cyanate of potaasa, KO,CyO, and other im- 
purities. It contains on the average not more than 50 p. 
c. of KCy. Pure KCy in crystals may be obtained by 
passing a current of HCy into a solution of KO,HO in 
alcohol. 

Prop. — Is a white, amorphous, deliquescent mass, of 
an acrid taste, a smell of HCy, and irritating to the skin; 
it la very soluble in water, and sparingly bo in alcohol It 
slowly evolves HCy on exposure to the air, and rapidly by 
the action of dilute acids. Is much used as a solvent of 
silver in photography and electro-plating. It will remove 
nitrate of silver stains from the hands or clothing. 

Med. Effects. — Those of HCy; is uncertain, and rarely 
administered internally. Cases of poisoning by it are not 
unfrequent. The stomach should be evacuated, and the 
antidotes for HCy administered. 

253. Ferrocyanide, K,Ciy-f-3H0; Polasgii Ferrocyani- 
dum ; yellow prussiate of potash. 

Prep. — On the large scale by heating refuse animal 
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matter containing N, with pearloeb and scrap iron In an 
iron veesel. May be macle by digesting iron filinf^a vritii 
KCy. 

Prop. — ^Large, transparent, lem on -yW low crystals, square 
octohedra (2d syatem) ; inodonrous, of a eweetieh saline 
taste ; soluble in about 4 parte of cold and one of boiling 
water ; ineoluble in alcohol. LoseB its water of CFyst&lli- 
sation at 136°, and becomes white. la valuable as s.ietl; 
used as a source of HCy and KCy ; also in the manafac- 
ture of PruHsian bluo, Fe,Cfyj, and in dyeing, la not poi- 
sonoua, and is rarely UBed in medicine. 

Ferricyanide of potassium, KjCfdy, red prnesiate of 
potash (231), occurs in ruby red, inflammable crystals (ad 
system), soluble in 4 parts water. Is used as a t«9t and 
in dyeing, but not in medicine. Sulphoci/anide of potas- 
sium, KC,NSj, made by digesting the cyanide witi sul- 
phur, is used as a test. It exists in the saliva of man 
(236). 

254. Kitrate, KO.NOj, Poiassx Nitras, Nitre, Saltpetre. 

Frep. — May bo made by adding HO,NOs to KO.HO 
or KO.COp E.<cists in many caves in the southwest por- 
tion of the United States, also in India, Egypt, Peru, and 
many parts of Europe, Is formed artificially on the large 
scale in nitre beds. 

N and combine directly under the influence nf the electric 
spark; indireotlj, when in the nascent state (143), espeoiallj 
when in the presence of a powerfal base, or when absorbed by 
porous bodies (121). Thus charcoal ciposed to the effluviaa of 
BBwers contains nitrates from the comhuKtion of ammonia. The 
researches of Kuhlmann on the influence of platinum aponge 
have shown that any eaaeaus compound of N, in exooss of O, 
will produce nitric aciC 

Prop. — Exists in colourless, anhydroas, hexagonal 
prisma (6th system) ; of a sharp, cooling taste ; soluble in 
7 parts cold and its weight of boiling water ; insolable in 
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alcohol: When fused below a. red heat and caet into 
monlds, forma sal pTT/nede; at a higher temperature yields 
a part Or all of its O. la naed in the manufecture of nitric 
acid and gunpowdef also in pyrotechny. 

Med. Effects.— In large doses, an irritant poison; no 
direct antidote is known. In small doses, gr. i to x, is snp- 
posed to be refrigerant, diuretic, and diaphoretic, lias 
been employed in fevers, croup, asthma, rheumatism, etc. 
Is not now much administered. Paper, soaked in a strong 
solution, dried and lighted, burns slowly giving off fumee, 
which when inhaled afford much relief in some cases of 
spasmodic asthma. 
955. Carbonatea. 

Polassae Carhonas imptira, Pearlash, is obtained by 
lixiviating the ashes of plants ; it contains many impu- 
rities. When mixed with its weight of cold water, it dis- 
solves, leaving tnost of these behind, and on evaporation 
gives; — 

Potai»« Carhonas, KO,CO,. A white granular deli- 
quescent body of nauseous taste and alktdino reaction. 
Is not quite pure. 

PoCaasm Carhonas pura, Salt of tartar. Is made by 
heating and then igniting the bicarbonate. Was formerly 
prepared by heating creaTn of tartar, whence its popular 
name. In its properties it resembles the last-named salt. 

Poiassa Bicarbonas, KO.CO.+ HO.COi, or KO.HO, 
2C0j. 

Prep. — Is made by passing a current of COa throngh 
a solution of Jxlviii of Potass. Garb, dissolved in Aq. Des- 
tillal. Ox until no more is absorbed. The solution is fil- 
tered and evaporated at a temperature not exceeding 160". 
Prop. — Transparent crystals (3d system), soluble in i 
parts of cold water ; when the solution is boiled, a portion 
of COj is given off. It is free from impurities which are 
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left behind during filtration and crystal lisation. It may.^ 
contain a portion of unsaturated carbonate, ia which case 
it will give a brick-red precipitate with a solution of cor- 
rosive sublimatfi. Sal aSralus is the^lder name for the 
bicarbonate, but is now usually applied commercially to o, 
powder containing a portion of unsaturated carbonate. 
The bicarbonate in less disagreeable, irritating, and alka- 
line than the carbonates, and being pure is used in making 
many of the other preparations of KO. At a red heat it 
loses HO and COj and becomes KO,COi. 

Med. Effects. — The carbonates of potassa, dose gr. s 
to sxs., are antacid, used in gout, rheumatism, litbiasis, etc. 
They are incompatible with all acids, acidulous salts, and 
those of the metals generally. 

256. Oxalates. — Oxalic acid formswithKO: (V) Neutral 
oxalate of potassa, KO.COj+HO ; (2) Binoxalate, KO, 
2C,0j+H0, found in certain plants, as Sumex, oxalis ace- 
losella, and garden rhubarb ; (3) Quadrosalate, KO,4CiOj-(- 
THO. The two latter are sold as Sails of sorrel, or SaU 
of lemons, and are used for removing iron mould and ink 
stains. They possess the poisonous properties of OXAlio 
ACID (210). 

251. Sulpliate, K0,S03, Potassx sulphas. — May be mada 
by the action of HO.SOa on those salts of KO which it de- 
composes. Is a residuo from making nitric acid on the large 
scale. Is in Aard anhydrous crystals (6th system), soluble 
in 10 parts water. Is purgative, but rarely used in medi- 
cine ; from their hardness the crystals are employed in 
making Dover^s powder, serving to comminute and inter- 
mingle the Ipecac, and Opium ; from the same property 
when undissolved they may act as an irritant poison. Si- 
sulphate of potassa, KO,SO,-i-H0,S03, or KO,H0,28O^ 
ia a residue after making HO.NOj on the small 
an acid reaction, is soluble in two parts water; is used 
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adulterate cream of tartar. By dissolving gj each of this 
salt and Potass, carb, pura aeparfttely in water, and then 
mixing them, a cheap, effervescent, purgative draught is 
obtained. 

258. Chlorate, KO.CIOs; PiAassa Chloras. 
Prep. — (1) By passing a current of CI through a weak 
solution of K0,HO; 6KO+Cls=KO,C10,+5KCl. (3) By 
the reaction of KCl and 3(CaO,C10)=K:0,C10j+3CaC!. 
The chlorate is separated by crystallisation. 

Prop. — In flat, pearly, tabular anhydrous crystals (5th 
system), having but little taste, soluble in 20 parts cold 
and 2 boiling water. Gives up all its O at a red heat, 
and deflagrates even more violently than the nitrate. 
Strong acids liberate CIO„ which is yeilowish and explo- 
sive. Rubbed with powdered sulphur, explosion ensues ; 
this should be borne in mind in dispensing it. 

Med. affects. — Passes unchanged into the urine; has 
been Buccessfully employed internally and locally in various 
throat affectiona, cancnim oris, ptyalism, apbthffl, scarla- 
tina, diphtheria, etc. Dose, gr. x to xxx. Is only decom- 
posed by strong acids. Should give no precipitate with 
AgO,NOs (absence of chloride). 
269. Acatata, KO,C,HjO„ Polaesm Acelas, Sal dinreticua. 
Prep. — By saturating acetic acid with bicarbonate of 
potaaaa, and evaporating gently to dryness. In all cases 
of union of an acid and alkaline base, the point of satu- 
ration may be determined approximately by the taste and 
accurately by litmus-paper. 

Prop. — A deliquescent white foliated mass, soluble in 
one-half its weight of water and 2 parts of alcohol. It 
^L should not affect test-paper; if it has been beated too 
^1 highly, will be alkaline from the loss of tbe volatile acetic 
^1 acid. It should be entirely soluble in water and alcohol; 
^1 this test shows the absence of ordinary impurities. 




Med. Effects. — Is a powerful diuretic gr. x to xxx, and 
cathartic 3] to giij. Used in dropsy, skin diseasee, and 
rheumatiain. It rendere the urine alkaline. As it is 
easily decomposed, ehoold be given alone in solution in 
water. May be made extemporaneously by saturating 
weak vinegar with sal aSratus or salt of tartar ; 5j to gij 
of the latter being used for a dose as a cathartic. 

TASTRATES. 

260. PotaasEB Bitartras, KO,H0,C,H.O„, orKO,HO,T.* 
Cream of tartar, acid tartrate of potaesa. 

Prep. — Occurs impure as Argols, a reddish or dirty 
white deposit in wine-casks. This is purified by solation 
in boiling water and re crystallisation. 

Prop. — Hard gritty crystals (3d system), soluble in 
184 parts cold and 18 of boiling water, of a slight agree- 
able acid taste. la entirely decomposed by heat, leaving 
charcoal and pure KO,COi. Its slight solubility should be 
borne in mind in prescribing. The addition of j part by 
w^cight of borax will render cream of tartar soluble in IG 
parts of boiling water, and it will not deposit on cooling. 
When sold in powder, is very apt to be adulterated; should 
be bought in crystals. 

Chem. and Med. Effects. — Tartaric acid is bibasict in 
cream of tartar but one equivalent of the basic water is re- 
placed by a base, it has therefore acid properties. By re- 
placing the second eq. of water with KO, we get neutral 
tartrate, Soluble tartar; with NaO, Sochelle salt, with 
Fe,Oa, Ferri el Fotassm Tartras, and with SbOj tartar 
emetic. Cream of tartar is cathartic, diuretic, and re- 
frigerant. Used in dropsy, gj to giij t. d, as a hydragogue 
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and diuretic. Its solution, made with boiling TFatcr and 
allowed to cool, forma a laxative and cooling drink. Is 
iTicompatible with alkalies, alkaline earths, and their car- 
bonates; sulphides, acetate of lead. 

PotaBBSB Tartras, SKO.CH^Oio ; Soluble tartar. 

Prep. — By boiling S^vi Potass, carb. with Jxxvi pow- 
dered Potass. Bitart. in Oj Aquee bullient., the cream of 
tartar being gradually added to saturation. The solution 
18 evaporated and crystallised, KO,HO,f + K;0,C0,= 
SKO.T^+CO;. 

Prop. — White, neutral, slightly deliquescent crystals 
{4th system), soluble in one part cold and one-half of boil- 
ing water; insoluble in alcohol. Is decomposed by heat 
like the bitartrate. Its taate is saline and bitter. Is pur- 
gative ; dose, 3j to 5j ; but little used ; is incompalAle 
with the mineral acids and the salts of lime, baryta, and 
lead. 

Potassffl et Soda Tartras, EO.NaO.CsH.Oio, Eochelle 
or Seignette salt. Made as the last preparation, using 
3xii Sodte Carbonalis instead of Potass. Carb., KO,HO, 
f-|-NaO,CO,=KO,NaO,f_^-t-CO;. 

Prop. — Large, transparent, prismatic, slightly efferves- 
cent crystals (3d system) ; soluble in 2} parts of cold 
water ; taste saline and slightly bitter ; is among the least 
offensive of the salines. Should be neutral to testrpaper, 
and give no precipitate with BaCl (absence of sulphates), 
or AgO.NOj (absence of chlorides). 

Med. Effects. — Laxative sji purgative gss to 3j ; may 
be administered with tartar emetic ; renders the urine 
alkaline when absorbed. Incompatibles, those of the tar- 
trate. Is largely employed in the form of: — 

Putveres Effervescentes Aperientes — Seidiitz powders, 
(1) R Sodm Bicarb, pulo. 2j, Poiaasm et Sodse Tarlrat. 
S'ij, itl et ft. chart. No. xii ; wrap in bine paper. (2) R. 
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Acid. Tartaric, pulv. gr. cc«csx, ft. cJiari. No. xii ; wrap 
in white paper. The blue and white papers are diaaolved 
separately in water, mixed, and the draught swallowed in 
a state of effeiTeaccnco, Much leas water is required for 
the white than for the blue packet. For a cheap substi- 
tute, see biaulphale of polassa. 

Remarks. — The blue paper contains 3 ij Uochelle salt 
with gr. xl of eodm bicarb.; the white paper, gr. xxxv 
acid, tartaric. When mixed, the free acid unites with the 
soda of the bicarbonate, liberating CO,, and forming tar- 
trate of soda. They should be kept dry. 

3C1. Citrate, SKO.CuHsOio; Potassee CUran. 

Prep. — By dissolving acid, citric, gx in Oij aqux dee- 
lillat., and adding gradually gxiv potassie bicarb. When 
effervescence has ceased, filter and evaporate to dryneBB 
with constant stirring. 

Prop, and Med. Effects. — A granular white powder, of 
a saline, slightly bitter taste, deliquescent and very soluble 
in water ; insoluble in alcohol By beat yields C and KO, 
COj. Aa above prepared, is quite pure. Is esteemed re- 
frigerant and diaphoretic ; much used in fevers. 

lAquor Potassae Cilratis. B. Acid. Citric, ^ss, Polassx 
Bicarb, gr. cccxxx, Aquw Obs, wive et cola.* A conven- 
ient extemporaneous form. Dose, a tablespoonful. 

Mistura Polassie CUraiis, neutral mixture. B. Svco. 
Limonis recentis Oaa ; Potass. Bicarb, q. s. ad safuritai,; • 
cola. This is a more agreeable preparation than the laa^ 
having the flavour of the fresh lemon-juice, and retaining 
some of the liberated carbonic acid. In practice the juice 
of one lemon is allowed to a f Jvj mixture, and is not quite 
neutralised. Dose, a tablespoonful. 

* Cala, straiD ; In tbit cose tbrongh tiuiUn. 
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SODIUM, Na=33. 
Syllabus of PBEPAflAriOHS. 

Htieate, IfaOjHO i Liquor Sodm. 

Chloeide, NaCl ; Sodii Ghloridum. 

NiTEATB, NaOiNOsj Cubic nitre. 

Carbonates: (a) Sodm Carbonas, Sal Soda, NaOiCO, 
+10HO; (b) Sodse Carbonas Hxsiccala, SaO.CO,; (c) 
Sodm Bicarbonas. NaO,CO,+HO,CO^ or NaO,HO,2CO^ 
Pulveres Efferveseentes. 

Sulphate, NaOpSOa+lOHO ; SoAx Sulphas, Glauber's 
salt. 

SoLPHiTE, NaO,SO,+3HO, Sodx Sulphia; Bisulphite, 
NaO,HO,2SOi; Hyposulphite, NaO,SjO,+5HO. 

Phosphates; Sodx Phosphas, 2NaO,HO,POs-f24HO; 
Sal perlatum. 

Hypochlobite, NaO,C10+HaCI ; Liquor Sodne Chlo- 
rinatBe, Labairaque's solutiou. 

BOKATE, NaO,2EOj; Sodx Boras, Borax. 

Silicates. 

Acetate; Sodee Acetas, NaO,C„H,Oj+6HO. 

Valerianate, NaO.CioH.Oj; Sodas Valerianas. 

2G2. Nat. Sources. — Common salt, certain plants and 
minerals; see Carbonate of Soda. Abundant in animal 
forms. 

Frep. — From carbonate of soda by reduction with C. 

Prop. — Resembles K, but is less easily osidised; in 
dry air forms a crust which preserves the metal within; 
does not take fire on water unless the latter be warm or 
the metal prevented from moving about. Is soft, silvery, 
s. g. 0.9t; melts at 201°, and gives a eolourlees vapour at 
a white heat. It burns witli a eharacteriBtic yellow flame. 
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Chem. Bel.—Wilh forma soda, NaO, aad NaO,; 
ompounds correspond with those of K in most respects, 
are generally more soluble. Its salts are colourless and 
all Holuble. Its presence is determined hyexclueion (IH), 
by ibe yellow colour communicated to flame, by its salta, 
and by its characteristic yellow line in the spectroscope. 

203. Hydrate, NaO.HO. 

Liquor Sodw, solution of caustic soda, is made in the 
dwne manner as lAq.Polassm; the proportions of (crystal- 
liMidj carbonatn of soda and of lime are ^xxvi of the former 
to |viii of the latter; s. ^. of the solution 1-OTl, and it 
contains 6'7 p. c. of KO,IIO. The solid hydrate is largely 
Hold an concenlraied lye; ia used as a powerful detergent 
and in soap'mahinf^. 

264. Chloride, NaCI, Soda Chloridum, Chloride of So- 
dium, CoDiniou Salt, NaCl, 

Prep. — Is obtained from sea-water, salt springa, or salt 
mities (rock-aalt) in which it exists native. Sea-water 
(\^V) or that of salt springs is evaporated, until the 
gruatftr part of the NaCl crystallises out; the mother 
liquor, holding in solution the more soluble salts, as the 
Chloride of Magnesium, MgCl, tho Sulphate of Soda, 
NaO,SO„ etc., is drawn off, constituting bUlem. 

Prop, and Med. EffefAs. — Anhydrous cubes (first sys- 
tem); of a well-known, agreeable taste; when pure, does 
not alto r in tho air; soluble in about 3 parts wat«r; the 
Bohibility is not increased by heat. In small dosoa, is 
tonic and anthelmintic; in large ones, ometic and purga^ 
tive; used in hiemoptysis. Is the antidote to Wtiraie o/ 
Silver. 

Imptirilieg. — Insoluble matters, Chlorides of Calcium 
and Magnesium, Sulphates of Soda and Lime. 

Incompat. — Strong Sulphuric Acid, NO,SO„ Nitrate of fl 
Silver, AgO,NO„ Nitrate of Mercury, HgO,NO„ solnW 
lead salts. 
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265. Carbonates. 

Sod(e Corftonas, NaO,CO, + 10HO, Sal Soda, Washing 
Soda. 

Sources.— (!') Native carbonate natron is found in Hun- 
gary, Egypt, South America, and California. It ia irregu- 
lar in composition. (2) Barilla, the ashes of the salsola 
soda aud other plants grooving near the sea. (3) Kelp, 
the ashes of sea-weed. (4) Artificially from common 
flalt, NaCI, or cryolite, 3NaF+AI,Fr 

Prep. — (1) From common salt (Le Blanc's process). 
The salt is first converted into sulphate (salt-cake), NaCl+ 
HO,S03=NaO,SO,+ HCI, This ia mixed with powdered 
limestone and coal made into balls and heated in a rever- 
beratory furnace. The black mass resulting is lixiviated 
with hot water, the solution evaporated to dryness and 
again calcined with sawdust. The mass is again lixivi- 
ated and crystallised. 

The reaction ia complex and variable. It ia esBentiall; NaO, 
SO,-fO.-f-CaO,COf=NaO,CO,-^CaS-f 4C0. An eicesa of lime 
is uaed, and there is formod in addition BOme oxy-aulphide of 
oaloium, CaO,3CaS. 

(2) From cryolite. 3NaF-|-AlaP». This mineral ia 
found abundantly in Greenland. It is mixed thoroughly 
with powdered chalk and calcined, 3NaF + Al^Fj-J- 6(CaO, 
COi)=6CaF+3NaO-J-AlA- The soda remaining in so- 
lution ia converted into carbonate by a stream of COa, the 
liquid drawn off and crystallised. 

Prop. — In colourless, efflorescent, oblique rhombic 
prisms (4th system) ; of an alkaline reaction and harsh, 
disagreeable taste ; soluble in half its weight of cold water 
and g^jd at 910; its solubility decreases above this point; 
is insoluble in alcohol. When heated, the crystals melt 
in their water of crystallisation; this ia driven off, and 
finally the salt melts. The crystals contain about 60 p. c. 
of water. 
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Jled. Effects. — In large doses, an irritant poison; anti- 
dotes ; weak acids and oily matters. In medicinal doses, 
gr. X to XX, those of Potass, carh. Is used externally as a 
detergent in skin diseases. Is incompatible with acids, 
acidulous salts, those of the metals generally, lime water, 
CaO,HO, and muriate of ammonia, NH,C1. 

Sodse Carbonas Ezsiccata is made by heating Sodx 
caib., stirring constantly until dried. It is used for 
making into pills and as a blowpipe reagent Dose, gr. t 
to XV. 

Sodm Bicarbonas, NaO,IIO,2CO!h Superearbonate of 
soda, Soda sal aeratns. 

Prep. — By passing COi over Sodm Carbonas conven- 
iently placed on perforated wooden shelves. The water of 
crystallisation runs off, and the crystals become opaque 
and powdery. 
_ Prop, and Med. Effects. — A white powder of an alka- 

H line taste and reaction; soluble in 13 parts cold water; is 

H converted by boiling water into sesquicarhonate, 2NaO, 

H 3CO2. It is used in the samo cases as the Potass. Bicarb. 

H in the preparation of Seidlitz powder (SCO), and of the 

H Pulverea effervescenlea, soda powders. These form a 

^^ conTenient, extemporaneous substitute for soda water, 

^B Aqua acidi carbonici (208). The blue papers contain 3vj 

H of Sodse Bicarb, in fine powder, and the white, ^v of 

^B Acid. Tartaric, each divided into 12 packets. These are 

^B dissolved separately in water, mixed and swallowed in a 

^1 state of efTei'vescence. One or two constitute a, dose. 

^M Tartrate of soda is formed. 

H 266. Sfllphato, NaO,SO,+ 10HOi Sodm Sulphas, Glau- 

^M ber'a salt, Sal mirabile, Salt cake. 

^K Prep. — By the action of sulphuric acid upon common 

^H salt (265). Is a residue in the manufacture of HCl, 

^^k other chemical processes. 
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Prep. — Long colourless, efflorescent, hexagonal prisms, 
(Gth system), of a saiine, bitter taste. Soluble in 5 parts 
cold water and 2 at 91°, which is its temperature of maxi- 
mum solubility. The crystals contain 15 p. c. water in 
which they readily melt by heat and lose entirely in dry 
air at common temperatures. Is purgative, but is rarely 
used in medicine. 

2GT. SnlpMte, Sodm Sulphie, NaO.SOj+SHO. 

Prep. — By passing a current of SOj through a solution 
of I)aO,COa until all the 00a is given off, evaporating the 
solution and crystallising. 

Prop. — White prismatic crystals (3d system) having a 
slightly alkaline reaction; soluble in 4 parts of cold and 
their weight of boiling water. The solution has a char- 
acteristic odour. The salt on exposure to the air gradually 
absorbs 0, becoming sulphate ; on the addition of acids, SO, 
is evolved. By passing SOj through the solution of NaO, 
CO, to saturation, a bisulphite, NaO,HO,2SOi, is formed, 
which baa an acid reaction and the smell and taste of SO,, 
which it evolves on exposure to the air. 

Med. Effects. — Those generally of SOj. Is used ex- 
ternally in skin diseases, and internally in zymotic affec- 
tions. Dose, 5j t. d. The hyposulphite, NaO,8iO,+5HO, 
is officinal in the British Phannacopceia. It is in large, 
colourless, prismatic crystals (3d system), soluble in rather 
than half its weight of water at 60°, and insoluble 
in alcohol. It is used in the arts as a solvent of silver 
compounds. It is given in the same cases as the sulphite. 

38, gr X to XX t. d. 

168. PhospIiateB. 

Hem. — The peculiarities of PO5 in combining with one, 
two, or three eq. of water or a base, and the numerous salts 
i formed, have already been discussed (220). Of the 
phosphates of soda there named but one is ofScinal ; — 



SOS MBDtDAL OHXHTSTBT- 

Sodie Pkosplias. 2NaO,HO,POs+24HO, Sal perlatmn, J 
tasteless purging salt, rhombic phosphate of soda. 

Prep. — By saturating the excess of PO5 in superphot 
phate of lime (obtained by treating calcined bones with \ 
nO.SOa) with NaO.CO,; 2NaO,ilO,PO, is formed and] 



Prep, and Med. Effects. — Large, colourlesa, efflorescent, I 
oblique rhombic (ith system) crystals; they have a taste 
rosombling NaCl, are soluble in 4 parts cold and 3 of 
boiling water ; insoluble in alcohol. When gently heated, 
the salt loses its water of crystallisation, and at a red heat 
its basic water, becoming pyrophosphate, SNaOpPOs. The 
tribasic salt gives a yellow, the bibasic a white, and the 
monobasic, metaphosphate NaO,P06, also a white precipi- 
tate with AgO.NOj. Is purgative. Dose, aj to gjj. Prom _ 
the similarity of its taste to common salt may be given ia I 
broth or soup. 

269. EypoabloTitd,SaO,ClO+NB.C]; Liquor Sodx Chlo- 
rinalie I Labarraque's solution. 

Prep. — Dissolve ^xsiv Sodas Carb. in Oiij Aquee; to 
this add gxii Calcis Chlorinates (291) mixed smoothly 
with water ; then add enough water to make Oxii. Shake 
well and set aside for 24 hours ; decant the clear liquid 
and drain the precipitate on a muslin strainer, adding 
water if necessary, until the whole amount of liquid ia 
Oxiss. Keep in a well-stoppered bottle excluded from the 
light. CaO,C10+CaCl + 2(NaO,CO,)=Na07C10+NaCU 
+ 2CCaO,CO,). In the proportions of the T. S. P. given, 1 
above, there ia an excess of NaO,COi, which renders the * 
solution more permanent. 

Prep, and 3fed. Effects. — A transparent solution having 
slightly the colour and smell of CI, which it evolves with a 
little CO,, on the addition of HCl ; it bleaches and d 
itfos. Js one of the most elegant, permanent, and n 
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able of the chlorine solntiona. TJsed in scarlatina and 
other anginose affections. Doae, gtt x to xxx; externally, 
is largely nscd in garglea and lotions to ulcerated and 
offenaiye parta, alao in chronic skin diaeasea and as a gen- 
eral deodouriaer. 

210. Borate, NaO,2BO3+10HO, Sodx Borax, 15ora.i. 

Prep. — Occurs native and is made by the addition of 
native boracic acid, BOg, to soda. 

Prop. — A white, crystalline salt (3d system), soluble 
in 12 parta cold and 2 of boiling water; taste, sweetish 
alkaline; reaction, alkaline; exposed to the air, effloresces; 
containa ordinarily 10 eqa. water of crystallisation, in 
which it fuses at a moderate heat ; at a higher heat, loses 

tils water of crystallisation and fuses, forming, when cool, 
glaaa of Borax ; glass of borax dissolves most metallic 
oxides, which colour it ; hence its use in blowpipe analysis. 
Is a biboi;ate of soda. 

Med. Effects. — Refrigerant and diuretic; has the pro- 
perty of rendering cream of tartar freely soluble in water. 
Dose, gr X to xxx. Generally used, rubbed up with sngar 
and honey, as a mild astringent in aphthous sore mouth 
of children. (Mel Sodw boraHs, U. S. P.) 
The tUicales of soda will be considered under Olass. 

tail. Aoetate,NaO,CiHaO,+ 6HO; SodaeAcelas. Prep.— 
By saturating Sodce bicarb, with Acid, acetic- Prop. — 
Long, white, efftorescent, striated prisms (4th ay atem), solu- 
ble in 3 parts of cold water and 40 of alcohol. When heated, 
the salt melts in its water of crystallisation and is finally 
decomposed into C and NaOpCOi- It resembles acetate of 
potassa in medical properties ; dose, gr xx to gr cxx. 

212. Valerianate, NaO,C,oHsO,; Sodee ValerianoB.— 

Prep. — Is made by saturating Valerianic acid, H0,0„, 

_ HjOj, obtained by tho action of bichromate of potassa, 

L KO,2CrO», on Fusel oil, C„H„0,HO(4U), Is not adrain- 



istered in medicine, but is used 

the calerianates of zinc, morphia, and quini 

2t3. LithiniD, L{=7. — Ib a rare metal found in combina- 
tion in Spodumene, Petalite, and in certain mineral waters. 
Is obtained by the electrolysis of its fuaed chloride. la 
the lightest solid body known, s. g. 0-594. Its carbonate, 
officinal as LUhiee Garbonas, is a white powder soluble in 
100 parts of cold water and communicating a red tinge to 
flame. It is antacid, used in tithic diathesis, goat, «tc. ; 
may be given in solution in Aquas Acid. Carbonic. It ie 
distinguished from slrontia by the solubility of its saltB 
in HO,SO,. 

AMMONIUM, NH,= 18. (Hypothetical) 

StIXABUB. 

Oxide, NHiO, Ammonia ; {a) Aqua Amnumias, fortiori 
(b) Aqua Ammonite; (c) Linimentum AmTnonise; (t 
Spiritua Ammaniee ; (e) Spirilus Ammoniee aroi 
(contaioB carbonate also). 

Chlobidb, NHjOl, Ammonia Murias, Sal Ammoaiaci 

Carbonates, Ammonim Carfionas, 2NHjO,3COj;Bi( 
bonate. 

Nitrate, NHiO,NO,. 
- Sulphate, NHiO.SOj, Ammonise Sulphas. 

SULPHTJB Salt, NHjS.HS, Sulphydrate of Ammonia. 

AoETATB, NH.OiCtHaOa, Liquor Ammonim Acelatia, 
Spirit of Mindererus. 

Vaikbianate, NH,0,Cii,H,Os, Ammonim Valerianae. 

2T4. Remarks. — N and H combine in the nascent state^] 
especially when the latter is in escess, to form a gaseooB' 
body, Amnumia, which when dry yields, on analysis, NH^ 
This body combines with hydrated acids to form welKJ 
marked saline compounds, which however always contalijj 
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sn equivfttent of water. Thus NHa+HO,SOi=NHsHO, 
SOj. It is aesumed from analogy with other bases that 
9 water is esseDtial, and that ammonia as a base has 
the formula NH,0=NHj,HO; the Bulphate would then 
be, NH«0,SO„ analogons to that of KO or NaO. KH, 
has never been isolated. ChemiBta also anppose the ex- 
istence of NH imidogen, and NHj amidogen, hypothetical 
bodies. The fact of the formation of an amalgam in 
which NH, may be supposed to exist lends support to 
the above view which is adopted as convenient and prob- 
ably correct. 

Ammonium Amalgain. — (1) When mercury is connected 
with the negative (zinc) pole of a voltaic battery in a 
solution of ammonia, it swells, becomes pasty, and -assumes 
the characters of an amalgam. O is given off at the + 
pole, but there is no corresponding evolution of H at the 
— pole until the current is interrupted; the amalgam then 
speedily decomposes, yielding mercury, ammonia, and H 
(2) When an amalgam of sodium and mercury is thrown 
into a saturated solution of sal ammoniac, NHjCl, it in- 
creases to several hundred times its original bulk and has 
the characters and undergoes the changes mentioned above 
The following reaction is supposed to take place : NaHg-J- 
NH.Cl=NH.Hg-^NaCI. This hypothetical metal NH., 
ammoninm, resemble^ in its chemical relations KO and 
NaO. Its salts are all volatile or decomposed by heat ; 
they may be recognised by the evolution of gflseoua am- 
monia, NH,0, upon the addition of lime or causiic alkali. 

375. Ammonia, NHjO. 

Sources. — Is formed during the destructive distillation 
of organic matters containing or in the presence of N ; 
also during putrefaction, the decomposition of the cyanides, 
the rusting of iron, and the action of dilute HO.NOj upon 
certain metals. Is prepared upon the large scale from the 
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liquor obtained from the hydraulic main, washers, and eon* 
densera of gaa-works. This is neutralised with H0,SOj 
which fixes the ammonia, and oa evaporation NH,0,S<^ 
is crystallised out. From this the other compounds may- 
be obtained. By using HCl, NII,C1 is obtained directly. 

Frep, — On the large scale by heating the cnide sulphate 
with milk of lime, NH^O,SO,+ CaO,EO = NH,0,HO+ 
CaO.SOj. The gaa is absorbed by water kept cold. It 
may be prepared on the small scale by heating its solu- 
tion Aqua Ammonise. It must be collected over mercury 
or by displacement, in the latter case the delivery tube 
passing to the top of the receiver. 

Prop. — A colourless, irreapirable gas, s.g.69T.; liquid'^ 
at — 40°, or by a pressure of 6 atmospheres at 40°) solid 
at — 103°. It will bum in air if a light be held in a jet 
of the gas, and in CI, Has a powerful alkaline rea«tioD, 
hence termed volalile alkali. Water at 32° alisorbs 1000 
vols. (Bunsen) ; at 50°, 670 vols., increasing in bulk about 
two-thirds. It ia also soluble in alcohol. The strongest 
solution in water has a s. g. 0'8T5, and contains 335 p. c 
of liquid ammonia- This boils at 130° giving up the gas,. 
and gelatinises at — 40°, 

2T5. Officinal Forms. 

(a) Aqua AmmonisE FoTtior, s.g. -900, contains 26 p. c. 
of the gas; it gradually becomes weaker from the escape 
of the gas, and should be kept in a cool place in well-stop- 
pered bottles. Is too strong for medical use. Teaicates 
rapidly when held in contact w\th the skin; ia an irritant 
poison ; antidotes, weak acids and oils. When its vapour 
is inhaled it produces much irritation, which may be re- 
lieved by the steam of vinegar. Its incompaliblea are 
those generally of potaasa and soda. 

(6) Aqua AmmontBe. Prep. — 'By heating a mixture of 
sal ammoniac and lime in excess; the gas is absorbed by 
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distilled water, NH:.Cl+CaO=NH:,6+CaCl_^. In the 
officinal process the lime is slaked and made into a paste 
with water, which is further diluted before the addition of 
the NUiCl ; the process on the moderate scale is thus much 
facilitated. It contains about 10 p. c. of ammonia. 

jprop. — A colourless liquid, s. g. 0-959, having the smell 
and properties of ammonia. When neutralised with acetic 
acid, should not precipitate with carbonate of ammonia, 
2NHiO,3COj (absence of lime, etc.), nitrate of silver, AgO, 
NOs (absence of chlorides), or chloride of barium, Bad 
(absence of sulphates). 

Med. Effects. — In large doses an irritant poison. In 
medicinal doses, gtt s to xsx, stimulant and antacid. Is 
administered and applied externally in snake-bites and 
stings of insects. Its vapour is inhaled in syncope and 
suspended animation. Is applied externally in burns and 
scalds, and as a rubefacient and vesicant. 

(c) Linimentum, Ammonise, volatile liniment, is made 
by mixing f^j Aquae Avitnoniae with 3ij Olei Olives. 

(d) Spiritua Ammonise. Prep. — By passing ammonia 
into alcohol; the strength is that of aqva amvioniie. Is 
rarely used internally ; it may bo added to alcoholic lini- 
ments without decomposing them. 

Spiritui Ammonia AromaticuB. Prep. — By dissolving 
5j Ammoniee Carbonatia in f^iij Aqux Ammonise pre- 
viously mixed with f^iv Aqum; to this is added a solution 
in Alcohol Oiss, of 01. Limonis fgiiss, 01. myriaticse Tl]_x], 
01. Lavandula! "Ixv, and Aquee q. s. ad Oij. 

Prop. — An agreeable stimulant, aromatic antacid ; 
dose, gtt XXX to fjj, diluted. Incompatible with acida, 
acidulous and metallic salts. It probably contains neutral 
carbonate of ammonia, NHjO.CO,. 

211. Chloride, Nn^CI^; Ammonia Mnrias, Sal ammo- 
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Prep. — By subliming a mixture of common salt, NaCl, ' 
and sulphate of ammonia, XaCl+NH.O.SO,=:NaO,S03_ ' 
+NH4Clt. It may also he made by direct combination 
of gaseous HCl and NH,0, and by the action of HCl on 
the carbonate or on gas liquor. 

Prop — Whit«, inodourous, transluceat, fibrous salt;^ 
taete pungent, saline. Soluble in three parts cold and ono«i 
of boiling water ; less so in ordinary alcohol. Sublimes I 
unchanged at a red heat ; very difficult to powder, unless 
in a hot iron mortar with a hot pestle. It may be granu- 
lated by evaporating its solution, and constantly stirring 
as the mass thickens. Reaction slightly acid. 

Med. Effects. — Alterative; useful in hoarseness au4>l 
sore throat, and is in these cases usefully eomhined with | 
chlorate of potassa. Is given also in croup, bronchitis, 
neuralgia, intermittents, rheumatism, and enlarged pros- 
late. Is applied externally to bruises. Dose, gr v to xxx, 

278. Carbonates; Amvwnim Carbonas, Carbonate of Am-_ 
monia, 2XH,0,3COj. 

Prep. — Is made by aubliioing a mixture of NH,C1 an4 i 
chalk, 3NH.Cl-|-3(CaO,C05) = 2NH.O,3COJ, + 3CaCl + 1 
NH.O. 

Prop. — White, moderately hard, translucent masses; 
soluble in four parts cold water, and in diluted alcohol ; 
is decomposed by boiling water. Smell pungent, ammo- 
niacal; taste sharp, alkaline. Exposed to the air, it dis- 
engages neutral carbonate of ammonia (NH,0,CO,), and 
becomes Bicarbonate (2NH.O,3COi— NH.O.CO^NH.O, 
2C0,). The bicarbonate is inodourous and fixed ; its crys- 
tals resemble those of bicarbonate of potassa. A neutral 
carbonate, NH^O.COi, is known; it probably exists i«, ■ 
Spirit us Ammonite Aromal. 

Med. Effecta. — A mild preparation, possessing the thara- J 
pcutical properties of ammonia. Dose, gr v. 



.It;,^H 
>no«^^l 

lea ^^H 

pqS ' 

1- 

a- 

a 



OHEHlStttY Of THE ELEMENTS. 209 

Incompaiiblet. — Those of tbe soluble carbonates and of 
ammonia. 

279. The Nitrate of Ammonia ia made by saturating 
HO.NOs with Carbonate of Ammonia; ita crystals are 
isomorphous with those of KO,NOs, which they much 
resemble in taste and appearance. Is used as a source of 
nUrous oxide (204). 

280. SnlphatB, NH,0,S03; Ammonim Sulphas. Is ob- 
taiDed on the large scale from gas liquor; is not UBod in 
medicine, but largely employed in the manufacture of the 
preparations of Ammonia and in Ammonia Alam, (303). 

281. Snlplmr Salt, NH,S,H8, Sulphydrate « 
hydrosnlphurct of ammonia, bbulphide of a 
made by passing a current of well-washed HS through 
Aqua Ammonim fortior, to saturation. The aolntioo, 
nearly colourless at first, becomes yellow by keeping, and 
deposita sulphur. It exists in gas liquor, sewers, privies, 
etc.. It has a fcetid odour. Is of the highest importance 
aa a teat, but is seldom used in medicine. It is properly 
termed sulphydrate of sulphide of ammonium ; the sul- 
phide of ammonium, NH,S, a sulphur base being united to 
HS, a sulphur acid. 

282. PlLOspIl&te. — None of the phosphatesof ammonia are 
important; the tribasic phosphate of soda and ammonia, 
NaO,NH,0,HO,POa, is used as a teat for magnesia and in 
blowpipe analysis. Was formerly employed in medicine. 
It ia known as Mierocosmic Salt, or Salt of phosphorus. 

283. Acetate, NH:,0,CiHaO„ Liquor Ammoidce AceUUis, 
Spirit of MindereruB. 

Prep. — By saturating Aeid. Aceiic. rftii*t(412); by 
Carbonate of Ammonia. 

Prop. — Is a eolourleaa inodorooB liquid of a saline taste, 
and prone to change. 

Med. Effects. — Ta diaphoretic and dinrctic; uiwd in fevers, 
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and exteroally as a cooling lotion ; also as an antidoU'f 
alcohol. Dose, f^es to t^iss. Is incompatible with the 
alkaliee and alkaline earths, and the soluble salts of iron, 
copper, Einc, mercury, and silver. 

284. Valerianate, NB[iO,C|oHaO„JMimonMe Valerianas. 

Prvp. — By saturating valerianic acid (il4), HO,Cn 
H^O^, by gaseous ammonia. 

Prop. — Snow-white, pearly, flat, four-sided crystals (2d 
system), volatilised, nearly unchanged by heat. Very 
soluble in water and alcohol. 

Prop. — la not poisonous; a powerful antispasmodic; 
used in hysteria, neuralgia, etc. May be given in pill or 
alcoholic solution; the watery solution rapidly decomposes. 
Dose, gr ij to viij. An elixir made by adding to Uub -, 
watery solution, cologne water, aromatica, and symp,'^ 
much used. 



CALCIUM, Ca=20. 
Syixabos. 
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Col- 



^L Oxide, CaO: (a) Calx; Hydrate, CaO.HO. (6) Liqwf ' 

^^M Calais, (c) lAnivientum Calais, (d) Folassa cum Calce. 

^H Gbloeidk, CaCl: (a) Calcii Chloridum; (6) Liquor Col- 

^^V cii Chloridi. 

^H SuLPHiDEB, CaS, OaSj, CaS,. 

^H Fldobide, CaF, Fluor Spar. 

^^L Carbonates, CaO, CO,; (a) Calais Carbonas Praecipi 

^^1 lata; (6) Creta Preeparata; (c) Testa Prseparata. 

^H Sulphate, CaO,S03-f- 2H0, Gypsum, Selenite, Alabaa- 

m. 
m 

^H Bleac 



Phosphate, 3CaO,POs, Calais Phospkas Priecipitata. 

HYP0PH0SPHlTE8,CaO,3HO,P0. 

HTPOCHLORiTB,CaO,C10-{-CaCl-f-2HO,Ca73:eA/orij 
Bleaching Salt, Chloride of lime. 
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285. Sources. — Abundantly, in combination, in nature 
H8 carbonate in marble, Marmor, Chalk, Crela, Oyster- 
shell, Teala, etc, ; as sulphate in Gypsum, as phosphate 
in bones, as silicate in many minerals, as chloride in cer- 
tain mineral springs and sea-water, and as fluoride in 
fluor-spar. 

Prep. — By electrolysis of its fiised chloride. 

Prop. — Kesembles lead, but harder; has a yellowish 
colour ; does not oxidise in dry air ; fusible, but not vola- 
tile, at a red heat. Readily burns in the air with a bril- 
liant light forming CaO. It also forms a binoxide, CaO„ 
which is not a base ; three sulphides, CaS, CaSj, and CaSj, 
and compounds with the halogens. The Phosphide, made 
by passing the vapour of P over red-hot lime, is brownish, 
and when thrown into water gives spontaneously inflam- 
mable phosphuretted hydrogen ; it quietly eromblea to 
powder in moist air. 

286. Oxide, CaO, {a) Calx, Lime. 

Prep. — By heating the carbonate in a current of air; if 
heated in a close vessel, is fused and but slightly decom- 
posed. 

Prop. — A grayish-white solid; taste caustic, alkaline. 
S. g. 23 ; is very refraetory. Absorbs on exposure to 
the air, water and COj, and falls to powder (air-slaked 
lime); combines with water, to form a hydrate (slaked 
lime). When mixed in excess with water, forms milk of 
lime (whitewash). Is sparingly soluble in water, and more 
so in cold than in hoi water. Reaction, alkaline, is caustic ; 
a strong base. Mortar is a mixture of sand or gravel with 
lime ; the theory of its hardening is not well understood. 
Eijdraulic mortars, which have the property of harden- 
ing under water, contain silicate of alumina (clay). Lime 
Is much used in agriav.lture. It acts by neutralising acids, 
ty decomposing organic matter, by liberating potassa fi'om 
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ita compilation with silica in clars and otber rocks, and 
by furnishing the supply of lime compoundB fooDd in the 
plant. 

Incompaliblee. — Adds, acidulous saltB, soluble sulphates, 
tartratee, carbonates; the metallic Halts generally; the 
vug^ctable astringents. Is the arUidole to Oxalic Actd. 

Test. — Oxalic acid gives a white precipitate in neutral 
or alkaline Bolutione ; sulphuric acid only in concenlraled 
Bolutione. 

(6) Liqvor Colds; Lime Water. 

B. Calais ^iv; Aq. Destill. Oviii, Slake the lime with 
a little of the water, then pour on the rest Keep in well- 
stopped bottles over the insoluble excess of lime. Ordinary 
soft water will answer. 

Hem. — Water at 60° dissolves about ,^8 °^ lime; one 
pint contains, at 60°, about 9^ grs. ; when heated, a por- 
tion of the iime precipitates; the solution absorbs car- 
bonic acid readily, and an insoluble carbonate precipi- 
tates. 

Med. Effects. — Antacid, and the compounds formed by 
its union with the (gastric acids, are aslringent. TTeed in 
diarrhcea, vomiting, dyspepsia, etc. ; externally as an astrin- 
gent lotion. Dose, fSsa to fjiv. 

(c) lAnimentum Oalcis. B. lAq. Calais f^viii, Olei 
lAni Jvij, M. Used in burns and scalds. 

{d) Polassa cum Calae, Vienna Paste. 

Prep. — Is made by rubbing together equal parts of 
limo and caustic potassa; is deliquescent, but loss so than 
the latter; is employed in the some eases, and is a milder 
application. 

387. Chlorides, Oaldi Chloridum, Chloride of Calcium, 
CaCl. 

Prep. — Is made by dissolving carbonate of lime ia 
hydrochloric aeid, CaO.COa-l-HCWCaCl-i-HOandCOj*, 
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Prop. — When uibydrous is a whitish, hard, translu- 
cent substance, having a great attraction for moisture; is 
used largely as a desiccating agect, and when crystallised 
in frjgorific mixtures; taste acrid, bitter; reaction slightly 
alkaline; soluble in about ^\ its weight of water, at 60° ; 
also in 10 parts anhydrous alcohol. The crystals contain 
6 equivalents of water of crystallisation. 

Incompal. — Those of the salts of lime, and of the 
soluble chlorides. 

Med. Effects. — Tonic and alterative; used in solution. 

Liquor Calcii Chloridi, Solution of Chloride of Cal- 
cium, is made by dissolving chloride of calcium in its 
weight and a half of water, and filtering. Dose, gtt xxs 
to si; in overdose, may produce symptoms of irritant 
poisoning; antidotes, the carbonates or sulphates. 

Carbonates. 

(o) Calais Carbonas Prmcipilala. B. Liq. Oaldi 
Chlorid. Ovas ; Sodx Garb, glssii (ftvi) ; Aq. Deitill. q. s. 
Dissolve the Sodm Carb. in Ovi Aqum; heat this solution, 
and that of Galcii Chlorid., to the boiling-point, and mix 
them ; allow the carbonate to subside, wash it well, and dry 
on bibuioua paper. (CaCl4-NaO,COi=CaO,CO,-t-NaCl^-.) 

Prop. — An insoluble white powder, smooth, and en- 
tirely dissolved with copiooB effervescence in Muriatic 
ftcid. May be adulterated with CaO.SOj, which is de- 
tected by thus treating it. 

(6) Oreta Preeparala. 

Prep. — Is made by the levigcUion and elulrialion (191) 
of ordinary chalk, by which the grosser and gritty par- 
ticles are gotten rid of. 

Prop. — Found in conical masiies, smooth, and entirely 
free from grit. 

Med. Effects. — Internally, antacid and astringent; ex- 
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temally, a defiiccating qdiI soothing applicatioii. BoEStff 

(c) Testa PrsfpartUa. 

Prep. — Is made by treating well-waehed oyster-ehells 
in the eame manner as chalk; does not differ fi-om Ortia 
PrtEparata, except in containing a little animal matter. 

288, Sulphate, CaO,SO,+2nO. 

la found native, crystallised Id right rhomboidat prisms 
(4th system) as selenUe, which has the power of doubly re- 
fracting light; fibrous as gypsum and massive as alabaster. 
When heated it loses 20 p. o. of water, (calcined plaster, 
plaster of Paris) with which it will again unite, forming 
a plastic mass which soon BolidiGes; hence ia used for 
making castg. At a red heat becomes anhydrous and will 
not again combine with water ; it forms the greater piat 
of the incrustations (scale) of steam-tioilers. Is soluble 
in 500 ports of cold water; the addition of the chlorides 
of ammonium or tin increases its solubility. Is bo soft 
as to be scratched with the nail ; s. g. 2'93 ; gives to wat«r 
permanent hardness (188). Is used in agriculture ; being 
decomposed hy the carbonates of the alkalies, it fixes the 
ammonia which arises as carbonate from manures and 
forms carbonate of lime, CaO,SO,+NH.O,CO,=OaO, 
COi+NH.O.SOs. It is not employed in medicine. 

389. Phosphate, 3CaO,POi. 

Calcia Phosphas Prmdpilata. — Prep. — Dissolving cal- 
cined bone in HCl, diluted with its bulk of water, and 
filtering, precipitating the solution with Liq. Ammoniee and 
washing the precipitate thoroughly with boiling water. 

Prop. — A white powder without tasto or smell, insolu- 
ble in water, but dissolved in HO.NOj, HCl,HO,FOs, and 
HO,C,HiOs (acetic acid), from which it may be precipi- 
tated unchanged by caustic alkalies. 

Med. Effects. — Used in scrofula, phthisis, rachitis, and 
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other dieeasos Bupposcd to bo dependent upon a deficiency 
of phosphates or of phosphorus in the system ; dose, gr 
X to XXX ; is probably rendered soluble by the gastric acids, 
or may be diaaolved by the addition of the aeida above 
named. Is the basis of the so-called chemical food- 

290. HypOphcsphite, CaO,2HO,PO. Is prepared by 
boiling milk of lime and P together ; inflammable phos- 
phuretted hydrogen is evolved ; the clear liquid is decanted, 
filtered, and ciTStalliscd. 3(CaO,HO)+P,+6IIO=C3CaO, 
2H0,P0,)+FHj (approximately). Is a pearly, white salt, 
Boluble in G parts cold water. Has been employed in 
phthisis, scrofula, impotence, and other affections in which 
phosphorus is supposed to be indicated. Dose, gr v to x 
t. d. in water with syrup. Is not ofBcinal. 

291, Hypochlorite, Calx Chlorinata, Bleaching Pow- 
der, Chloride of Lime, CaO,C10-|-CaCl-i-2H:0. 

Prep.— Made by the action of CI on CaO,HO; (2CaO, 
HO)-)-Cl,-|-CaO,C10-t-CaCl-f-2HO; should contain at 
least 25 per cent, of chlorine. 

Prop. — Grayish-white powder; taete hot, acrid, bitter, 
aod astringent ; smell characteristic; bleaches powerfully; 
speedily loses its chlorine when kept; is decomposed on 
exposure to the air, absorbing COs, which liberates CI ; 
the same effect is produced by adds generally; soluble in 
10 parts water; when heated it gives off 0. 

Med. Effects. — Not much used internally, the Liq. Sodee 
chlorinatm being preferred ; used largely as a deodouriser, 
and as a stimulant wssli. It acts chiefly by the liberation 
of its chlorine. 




HAQNESmM, Up- 12. 

Syllabus. 

OxiDB, MgO, Magnesia. 

Oabbonate, Maffnesix Carbtmat, 4(MgO,COe),+MgO, 
110+ 6H0 (variable ). 

Sulphate, MgO,SOj,+6nO, Magneeiae Sulphas, Epsom 
salt. 

CiTBATB, 3MgO,C|jHiOi„ Liquor Magnesim Citraiis. 

Sources. — In sea-wat«r as MgCl and MgO. SO, ; in Dolo- 
mite, MgO,COi+CaO,COj, Magneaite, MgO.COj; in the 
native silicates as serpentine, hornblende, asbestos, steatite, 
(talc, BOapstone,) etc. 

Frep. — By tho reaction of sodium and MgCl at a high 
temperature. 

Prop. — A silvery, white, ductile, malleable metal, a, g. 
1-T4, fhsible and volatile at a red heat, does not readily 
oxidise in dry air nor decompose water ; burns with a 
brilliant bluish-white flame forming MgO, its only oxide. 
It resembles zinc, with which its salts are isomorphous. 
The light of burning Mg wire has been employed for 
taking photographs, and in some cases to aid in speculum 
examinations. 

293. Magnesia, MgO, Calcined Magnesia. 

Prep. — Made by heating Carbonate of Magnesia to a 
full red heat, in an open crucihle ; the carbonate loses its 
carbonic acid and water, and anhydrous magnesia remains; 
may be precipitated as hydrate by the action of caustic 
alkali on its sulphate. 

Prop. — An insoluble, light, white bulky powder, nearly 
insipid, fused only by the compound blowpipe; it should 
not effervesce with acids (absence of COj), nor precipitate 
with BaCl (absence of stilpbatcs). It forms a hydrate 
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with water without perceptible elevation of temperature. 
Its reaction is feebly alkaline ; it slowly attracts moisture 
and CO, from the air. Dense Magnesia (Henry's, Hna- 
band's, etc.) is from ^ to | the bulk of ordinary magneaia, 
and is less rough to the taste ; it may be produced, 1. By 
trituration ; 2. By using a high heat daring calcination ; 
3. By packing the carbonate closely in the crucible before 
heating ; 4. By heating just below redness the carbonate 
prepared by mixing hot concentrated solutions of sulphate 
of magnesia and carbonate of soda (Ban) ; 5. By heating 
chloride of magnesium. The fourth method is the best. 

Tests. — Is precipitated from its salts aa hydrate by the 
caustic alkalies, and as carbonate by their carbonates, bat 
not by carbonate of ammonia, or the bicarbonates ; a white 
crystalline precipitate is formed with the soluble phos- 
phates on the addition of a little ammonia (ammonio-mag- 
nesian phosphate), 

Med. Effects. — Antacid; the salts formed are laxative; 
from its low equivalent has a high neutralising power. 
Tbe freshly prepared hydrate is an antidote to arseniaua 
acid. 

Incompatibles. — All acids and acidulous salts; neutral 
salts of the heavy metals. 

293. (^bonate, Magneaiee Carbonan, Magnesia Alba, 

Prep. — On the large scale by double deeom position of 
sulphate of magnesia and carbonate of soda, carbonate of 
magnesia and sulphate of soda resulting, MgO,SOj,-f-I'^aO 
COj^MgO,CO,+SaO,SOj,. Its composition is not con- 
stant, being a mixture of carbonate and hydrate of mag- 
nesia, 4(MgO,CO,)+MgO,HO-i-6HO. Tbe native carbon- 
ate, MgO,CO,, magjiesile, and tbe double carbonate of lime 
and magnesia, MgO,CO,-)-CaO,CO„ dolomile, am not em- 
ployed directly in medicine. 

Prop. — A white, insoluble, smooth, nearly insipid, in- 
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odorous solid; generally found in small cutiea; it is sol 
ble to a certaiu ext«nt in Aqua Addi carbonici, formii^ 
-the so-called Jluid magnesia. It is decomposed by heat. 
Impuritieg. May contain carbonate or solphate of soda; 
chloride of sodium, lime, alumina, iron; which may 
detected by their respective tests. 

Med. Effects. — Those of magnesia. The carbonic 
ia liberated in the stomach. 

Incompalihles. — Those of MgO and of the carbooatea. 

29i. Sulphate, Magnesim Sulpkan, MgO.SO, + HO, Ep- 
som Salt. 

Prep. — Occurs natire in certain caverns in the United 
States, and as an efBoresccnce ia the soil; also in certain 
apring.^i, and in seorwater {biitem), from which it is pre- 
pared by evaporation and careful crystallisation. Mode 
also from dolomite, magnesite, and from the native sili- 
cious hydrates. 

Prop. — Transparent, inodorous, bitter, nauseous, neu- 
tral, oblique rhombic prisms (4th system, sometimes in the 
3d) ; soluble in an equal weight of water at 60° ; thoy melt 
in their own water of crystallisation, which they lose at a 
high heat, and then fuse into an enamel. 

Impurities. — Iron and chloride of magnesium. 

JKed. Effects. — Mild cathartic. Dose, gas to Ji. In- 
compatibles. Those of the soluble aulphatea; the alkalies 
and their carbonates. 

295. Citrate, SMgO.CsHsO,,, Liquor JUagnesias Citralia. 

Prep.— Dissolve gr. ccci (3vij, gr. xsx) acidi cUriai 
in f^iv Aquai, and add Magnesim gr. cxs (sij), and stir 
until dissolved. Filter the solution into a strong fgxii 
bottle, and add Syrupi Acid, citric fg ij ; then add Folassos 
bicarb, gr. xl, and Aquse q. s. The bottle must be imme- 
diately corked, and the cork secured by twine. This is a 
solution of citrate of magnesia with excess of citric acid. 
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which renders it more permanent. The Polass. bicarb, re- 
acts with a, portion of this excess to develop COj, which 
charges the liquid and renders it effervescent when 
opened. Is a most excellent, prompt, and agreeable saline 
cathartic, 

BAEIUM, Ba=68-5. 

296. Sources. — Native carbonate (witherite), and sul- 
phate (heavy spar), 

MeTn. — Is prepared lilie Mg. la unimportant as a 
metal; b. g, 1-5; decomposes water at ordinary tempera- 
tures. It forma two oxides, BaO, baryta, aud BaO,, bin- 
oxide of Ba; the latter jael da the second eq. of 0, readily in 
the foiTn of ozone (anlozone?). The protoxide forms a hy- 
drate, BaO,IIO, with evolution of heat ; this dissolves in 20 
parts cold or 3 of boiling water, and forms a very deli- 
cate test for CO5. The nitrate BaO,NOs is used in pyro- 
techny to communicate a green colour to flame; also as a 
test for sulphuric acid. The salts of baryta are poisonous; 
antidotes, the soluble sulphates (Epsom or Glauber's salt). 
The chloride may be obtained by the action of IICl upon 
EaO,COi,=EaCU-l-CO; ; it is used, like the nitrato, as a 
teat, and is officinal in the Liquor Barii Ckloridi: R. Ba- 
rii chlorid. ^2, Aquas destillatx f^iij, M. etfiUra. Dose, gtt 
V t. d. Is considered alterative and anthelmintic. Incom- 
palibles, the soluble sulphates, tartrates and oxalates, 
nitrate of silver, salts of lead and mercury. 



STKONTTOM, 8r==43-7. 

1 Ba, which it closely 



Sem. — Forms slrontia, SrO, and binoxide of strontium, 
SrO,. Its salts give a red tinfro to flnme. They precipi- 
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tete with the Boluble aulphatps, but less completely thAn 
thoee of B*. May be distingui^bed by bydrofluosilicic acid, 
vhicli precipitates BaO, but ronns a salt with SrO, soluble 
in escesB of acid. Tbe preparfttions are not poisonous, 
and have been xiiffd in medicine witli the same objects as 
IhoBP of Ba. 

ALUMINUM, Al*=13'7. 

298. Sources. — In combination in I'layB, granitic rocks, 
and various minerals. 

Prep. — By passing the vapour of chloride of aluminum 
over sodium at a red heat, AUCl,+3Na=3NaCI + Al,, or 
hy heating cryolilcwlth sodium, AljFa,3XaF+3Na=:eNaF 
+ AU 

Prop. — A white, tenacious, malleable, ductile metal of 
the hardness of silver, s. g. 2-66; fuses above a red heat; 
tarnishes in moist air; is not blackened by HS. Is not 
acted on by cold HO,SO„, or HO,NOi, but readily dis- 
solves in HCl, forming AljCla, Is acted upon also by alka- 
line solutions. lis alloys are remarkable for strength, 
lightness, and sonorousness; that with copper, aluminum 
bronze, has a permanent golden colour. The metal forms 
but one oxide, Al^Oa, and its binary compounds are all of 
the same type. 

299. Oxide, AlA. Alumina. 

Prep. — Exists native in the sapphire, ruby, oriental 
topaz, and corundum. These bodies are not attacked by 
acids, and are inferior in hardness only to the diamond. 
It may be obtained by igniting amvwnia alum, or the 
hydrate of alumina, AI;0s,3H0. This hydrate is obtained 
by precipitating its salts by caustic alkali. It occurs native 
in Gibbsite A!A,3H0, and Diaspore A1,03,2B:0. 

Prop. — Anhi/drovB, a soft, white, tasteless, inodourous 
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powder, without action on vegetable bluea. The precipi- 
tated hydrate is a soft, gummy mass, like boiled starch, 
combining readily with acids and bases. 

Chem. Set. — Is like all sesquioscidea a feeble base, its 
salts having an acid reaction; it com-bines also with bases 
acting as an acid (NaCAIjOs). Its salts have a sweetish 
astringent taste, and are generally soluble in water. Alu- 
mina has a remarkable attraction for organic matter, it pre- 
cipitates colouring matters from their solations as lakes; 
is a powerful detergent and deodouriser. Is used largely 
in dyeing as a mordant {binderviiUel, binding-medium, of 
the Germans). Test. Alkalies throw down a gelatinous 
hydrate freely soluble in acids. 

Cotton impregnated with most organic colouring matters 
readilj parta witli them on^oahing. By using first a compound 
of almnmmn, it adheres strongly to the fibre, also to the colour- 
ing matter, thus binding them Srml; together. Binoiide of tin 
SnO,, sesquioiide of iron Fe,0,, are alao used as mordonta. 

300. Snlphate, A]50a,3SOj-l-18HO; Alumina SulpJiaa. 
Is obtained by dissolving freshly precipitated alumina in 
sulphuric acid. Is used ns a detergent, deodouriser, and 
styptic. 

301. Alums. 

Alumina forms a senes of douMe salts containing its sulplinte 
with that of an alkali. They are types of a laree class of enm- 
pounds which have received the generic title ot alums. Com- 
mon potash alum is a double sulphate of alumina and potassa 
with 24 parts of water, A lA.3S0r(-K 0,80,-1-24110. We may 
replace thepotBasa by the oxidesof sodium, ammonium, lithium, 
ofeaium. and rubidium, and obtain salts hardly diatinguisbalile 
from the potash alums. The alumina may be replancd by the 
isomorphoua sesquioiides of iron, manganese, aud chromium; 
in the latter case the alums are cnlnured, but atberwise resemble 
^^ in every respect common alum. The following list will give an 
^B idea of the composition of these isomorphous double snlU: 
■ Al,0„3SO,-t-KO^SO.-F24HO. 



Ct,0, 

Mn.O, 
Fe/I, 
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We hftve ftlno n nerien of miiieTBU of Uie *atae type, in which 
SiOi replaces S0» but not isomorphoua with the foregoing, aa 
the; nre &DhjdrouH; thus-. 

A!A.3SiO.+KO,SiO,. Feldspar. 
A:,0„3SiO,+NaO,SiO,, Albite. 
AI,0„3SiO,+LO.SiO* Petalite. 
AlA.3Si(V+-CaO,SiO„ Labradorite. 
Muiy others are known in which the proportions of the two 
salts vary, hut the general type remains. 

302. Alnmen, Alum. Al,Oj,3SO,+KO,SOj+24HO. 

Pjvp. — la made Id various ways od the large scale, the 
principle of the proccsB being to procure the sulphates of 
alumina and potassa. and crystalliee them together. 

In tliis neighbourhood alum is made at the oil of vitriol trorks 
by iicling uiM)n a pure while ifloi/ (silicate) with uaconcentrateit 
Rtilphuric BL'id, niiiing with the sulpliate of alumina thus ob- 
tained the sulpbnte of potassa remaining after the manufacture 
of nitric acid, and crystal! is inp. By replacing the KO,SO, by 
NIIjO.SO,, obtained from gas-liquor, ammonia alum is obtained. 

Prop. — A colourless, elightly cffloresceut salt, of a 
sweetish, astringent taate, crystallising in regular octo- 
hedra {1st system). It is soluble in 15 parts of cold and 
^ths its weight of boiling water. When heated, it fuses 
in its water of crystallisation, which is finally in great 
part driven off, the mass froths, swells, and fonns a white 
porous mass, — dried alum, alumen exsiccaium. 

Med. Effects. — Astringent, tonic, and antispasmodic j 
in large doses, emetic and purgative. Given internally in 
croup, aa an emetic, in colica piclonum, etc. The alumen 
exeiccatum is a favourite mild escharotic. Incompatiblei'. 
The vegetable astringents, alkalies, and alkaline earths, 
tartrates, and those of the soluble sulphates. 

Alum is largely used in dyeing, the preparation of skins, 
clarifying liquors (189), rendering wood and paper incom- 
bustible, and BR a filling for iron safes. 

Ahiminfe el Ammonia SiiJphax. Ammonia alum. Prep. 
Given above; il is used as a pubstitnle for ordinary alum. 
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from which it is distinguished by the ammonia evolved 
upon treating it with a caustic alkali. The ammonio-fer- 
rieaium,Fe,03,3SOj-fNH,O,SO,+24HO, contains no alu- 
mina; it will be considered under Iron. 

303. Silicates; Clay. 

Clay is foimed by the decomposition of rocks contain- 
ing silicate of alumina; it is very variable in its compo- 
sition, the red varieties containing iion, and most clays 
magnesia, lime, potassa, soda, etc. Pure clay — fire clay — 
is a normal silicate of alumina, Al,0,,3Si03. Kaolin, a 
white clay, used in making porcelain, contains AliOs,SiO, 
+2H0; moWs contain phosphates and lime; Fuller's earth 
is a porous clay used for extracting grease. 

Prop. — When moist, exhales a peculiar odour; is plas- 
tic, hence ils value in the manufacture of porcelain, earth- 
eaware, etc. "When dried it becomes hard and adheres to 
the tongue. In soils it possesses the property of absorb- 
ing large quantities of ammonia, and of decomposing the 
compounds of that base. 

GLASS AND PORCELAIN. 

304. CflaBH Is a mixture of the silicates of potassa and 
soda with those of alumina, lime, and tlie metallic oxides. 
The silicates of the alkalies alone are soft, acted upon by 
water and chemical agents, and in some cases freely soluble 
in water; those of the other bases named will crystallise 
and thus lose their transparency ; by admixture the faults 
of botli are corrected. The composition of glass varies 
exceedingly; the following are the most important varie- 
ties. 

Bohemian Glass. — Much prized for its hardness and 
resistance to chemical agents; contains S6 p. c. silica, 12 
potassa, 9 lime, and 10 alumina. It is used in the labora- 
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toty M HankFi and tubes, and in many omauientul and ase- 
flil forma. 

OrownOlatg. — R«soin)Jes llii> Bohomian; ia used in the 
plat«s of mirrors, laiye windon-B, lenses, etc, 

Whtdow Gfags. — Used for common plaxing. druggists' 
bottles, etc.; contains soda in placp of potaeea. It has a 
grconieli tinge when in thick plates. 

Flint Olaes, used in lenses, priams, and fine cot glas^ 
want; contains, in addition to potsssa, oxide of lead (43 
p. c). It is dense, soft, easily fusible, and of a high refrac- 
tive power. 

Paste, or sirass, used for imitating gems, ia a flint glass 
containing a still larger proportion of lead. 

Bottle Glass. — Contains oxide of iron, to which it owes 
its green colour. Is made of the cheapest materials; it 
contains hat little alkali. Is not easily acted upon by aeida 
or alkalies. 

Soluble Olass. — Is a silicate of potassa or soda contain- 
ing an excess of base. When powdered, it is freely solu- 
ble in boiling water. It is nsed as a detergent, as a fire- 
proof varnish for wood, and as a cement. 

Colours of Glass. — Soda glass has always a greenish 
tinge; the variotis metallic oxides communicate colours to 
glass; they may be incorporated with the glass ia the melt- 
ing-pot, or applied to its surface in the form of enamel or 
glaze (stained glass). Green is produced liy protoxide of 
iron, PeO, orprotoxide of copper, CuO; blue, protoxide of 
cobalt, CoO ; yellow, by oxide of silver, AgO, and teroxide 
of antimony, SbO,. The fluorescent canari/ glass is coloured 
by the sesquioxide of uranium, TJjO,; ruby red, by oxide 
of gold, AuO, and suboxide of copper, CUjO ; avtelhysHne, 
purplish-pink, by binoxide of manganese, MnO, ; the same 
in large {juantity, mixed with oxide of cobalt, CoO, a black. 
White enamel, im-d for watch-diala, is glass with oxide of 
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tiu, SnO ; and an opaleecent white glass, used for lamp- 
shades, contains arsenic. Black oxide of manganese id 
added in the mannfscture of glass to take away its green- 
ish tinge; this is done by oxidising any FeO present to 
Fe,Os, which does not colour; the manganese itself com- 
nuiQicates a pinkish tint to the glass, which being com- 
plementary U> the green neutralises it. It is hence called 
glass-maker's soap, or pyrolusite (Gr. pur, Gre, and lu6, I 
wash). 

305. Porcelam. — The various grades of earthenware 
from the Gneet porcelain to the commonest red pottery are 
all formed by baking clay; the difference being in the 
quality of the clay and the methods of manufacture. For 
porcelain the finest Kaolin free from all iron is used; for 
common pottery, ordinary clay, the iron of which gives the 
well-known red colour. The articles, after being shaped 
while the clay Is in a plastic condition, are baked, when 
they become hard hut are porous, as in an ordinary brick 
or flower-pot ; they arc afterwards glazed. For porcelain 
a fine glazing of powdered feldspar and quartz is used; 
for stoneware, common salt, which at a high heat is decom- 
posed and the soda formed unites with the silica of the 
stoneware. Common black glazing contains lead, and 
accidents may occur if acid liquids kept in dishes so 
glazed are afterwards used in food. The coloura used in 
porcelain are the same aa for glass. Fire hricha are made 
from a pure clay, free from all metallic oxides. He&aian 
crucibles are made of a mixture of clay and sand ; they 
lienr a high heat, but are apt to crack. Black-lead crucibles 
are made of a mixture of plumbago and clay; they will 
stand heat better than the former. In delicate chemical 
operations porcelain and platinum crucibles are used. 
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MANGANESE, Mn=2t8. 

306. Sources. — The native black oxide, MnO„ and car- 
bonate. It is stated to exist in small quantity in the blood. 

Frep. — By reducing MnOa at a high beat by means of 
carbon. 

Prop. — A Bteel-gray metal, brittle, a, g. 800 ; on expo- 
sure to the air oxidises and crumbles to powder. It ap- 
pears to possess feeble magnetic properties at low tem- 
peratures. 

Ohem. Bel. — Forms with 0, MaO, a base, MnjOj, a 
feeble base, MnOj, a neuter body, MnOj manganic acid, 
and Mnj07 permanganic acid. Its other binary com- 
pounds are of slight importance ; the iodide has been em- 
ployed in medicine; it may be made by the double de- 
composition of MnO,SO,-fKI=MnI_+KO,SO,; it is made 
into a syrup like the Syrup, Ferri. lodid. The salts of 
manganese have a delicate rose-colour. Teat. Sulphydrate 
of ammonia gives a flesh-coloured characteristic precipi- 
tate ; the salts commuiiicate an amethystine tint to borax 
in the outer blowpipe flame. 

307. Oxidea. 

The protoxide is obtained hydrated by the additioa of 
K:0,H:0 to MnO,SO,=KO,SOa,-f MuO.HO. It is white, 
rapidly absorbing oxygen, and becoming sesquioidde. 
The anhydrous protoxide is of a dirty green colour; it 
rapidly absorbs 0, and at 600° takes fire. 

The sesquio.xide, MnjO,, is isomorphous with Al^Oj; not 
important. 

The BiNOXiDE, MnOj, pyrolusite, Manganesii Oxiilum 
nigrum, is found native. It readily yields a portion of 
its O when heated. It does not unite with acids or bases; 
an acid added to it forms a salt of the protoxide with evo- 
lution of O, MtiO,-|-nO,RO,=MnO.SO,,-|-HO-|-0\ Is 
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extensively used in the manufacture of chlorine, of glass, 
and the permanganates. It is officinal as 3fanganesii 
Oxidxtm nigrum, but is rarely used in medicine. Man- 
ganic acid, MnOs, is not isolable. By heating MnO, with 
KO.NOs and KO,HO, KO.MnOj ia formed. This is an 
uncryatailiaaljle mass of a greenish colour {chameleon mijir 
eral); when thrown into water, it becomes purple and 
finally red from the formation of permanganate, KO, 
Mn,0,, 

Pebmanganic Aoid 19 known only in combination with 
water or a base; it is rapidly decomposed by organic mat- 
ters and other deoxidising bodies, becoming reduced to 
MUjOj. See Polaseee Permanganas (309). 

The compound oxides, red oxide MujOi, or MnOjMnzOs, 
and varvicite Mn,0,=2MnO|Mn20a, are unimportant. 

308. Manganesii Sulphas, MnO,SO,+5HO (at 60'). 
Prep.— By gently heating MnO, with HO,SOa=MnO, 

SO,+HO-J-0, evaporating and crystallising. The quan- 
tity of water of crystallisation will depend upon the tem- 
perature of the latter operation. 

Prop. — Rose-coloured rhombic crystals {3d system), 
very soluble in water, insoluble in alcohol; of a bitter, as- 
tringent taste. It may contain copper, iron, and arsenic. 
Should give no precipitate with infusion of gails, a flesh- 
coloured one with NHiS.HS, and a white one with KjCiy. 

Med. Effects. — In doses of sj to gij a eholagogue ca- 
thartic; in smaller doses, gr x to xx, has been used in con- 
junction with iron in amemia. 

309. Polassse Permnnganas, KO,MnjOT 

Prep. — Is always made on the large scale ; an outline 
of the method is given in § SOT. 

Prop. — In brilliant purplish-red, right rhombic crystals 
(3d system), soluble in 16 parts water at 60°; they ex- 
plode when heated. They communicate an amethystine 



tinge to water when in very Hmall quantity ; the eonwn- 
trated solution is of a deep red colour, pemtanent, and of 
a peculiar tast«. "When necessary, it may be filtered through 
gun-cotton ; most other organic matters decompose it rap- 
dly. 

Med. Effects. — An excfitlent deodouriser. It probably 
acts by eliminating ozone, and thus destroj-ing organic 
effluvia and compounds containing hydrogen. If exposed 
in solution (Condy's solution) in shallow vessels, it speedily 
purifies the air of a room, and will continue to act for a long 
time. Added to foul water, it renders it sweet, becoming 
at the same time reduced to MnO„ which subsides, and 
KO, which remains in solution. Has been used externally 
in the treatment of various foul ulcers and offensive dis- 
charges, gangrene, diphtheria, etc. Also to remove the 
offensive odour of the armpits and feet, and that adhering 
to the hands after certain operations, post-mortem exami- 
nations, etc. Internally has been administered in cases 
where an oxidising agent is supposed to be indicated, and 
in ZYiuotic diseases. It must be applied with a brush of 
aabestus, as it is decomposed by organic matter. A liquid 
containing one-tenth of a saturated solution ia a convenient 
strength for ordinary uses. In large doses would prove 
an irritant poison, the antidote being albumen, milk, or 
similar organic matters. It is used in the laboratory as 
a reagent in volumetric analysis. 



mON. Fe=28. 
Stllabits. 
\ Metal; (a) Ferrum; (h) Ferrum Redaclu 
ve lines iron. 
Oxide : Ferri Oxiduin Hydralum, FejOj.SHO. 
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SuLPHlDS, FeS; Ferri Sulphuretum. 

Cblokide, Fe,Cl,: (a) Ferri Chloridum; {b) Tindura 
Firri Chloridi, — gr axix to f5j. 

Iodide, Fel: (a) Syrvpus Ferri lodidi, — gr siviii to 
f 5j ; (6) Pilulx Ferri lodidi. 

Ferrocyanide, Fe,Cfrj, Ferri Ferrocyanidum, Prassian 
Blue. 

NmiATK, Fe,0j,3N0s ; Liquor Ferri Nttratis. 

Cabbonates : (o) Pilulx Ferri Carbonatis (FeO.CO,), 
Vallet'aMasa; (_b) Mistura Ferri ComposUa, an-A {o)Filulte 
F&rri Gompositm (.contain FeO.CO,) ; (d) Ferri Svin)arb<>- 
na9{Fe,0„C0j?); (e) Trochisri Ferri SvbcaT^naHe. 

SuLPHATBs: {a) Ferri Sulphas, FeO,SO,4-7HO, Cop- 
peras, Green vitriol ; (b) Ferri Sulphaa Fxsiccata, FeO.SOJ 
+ H0; (c) lAquor Ferri ^Tersulphalin, Fe,0„3SOs; (d) 
Liquor Ferri Subsulphatia, 2Fe,0],5SOj, Monael's solation; 
(e) Ferri et Amriionise Sulpkae (Fe,0^3S0,-f NH,0,SO,+ 
24RO), Ammonio-feiric alum. 

Phosphates: (o) Ferri Pho»pha», 2FeO,HO,PO(; (6) 
Ferri Pyrophospkas (contains 2Fe,O„3PO,+ 0HO). 

Lactate; Ferri Laclas. FeO,CJIsOs+3HO. 

Tartkates; (a) Ferri el Polansee Tartraa. Fe.OfcKO, 
C^HtOa+HO; (b) Ferri el Ammonix Tarlrae, Fe^„ 
NHAC,HhO,„. 

CirBATKs: (a) Ferri Cilras, F«,0^^,0„ ; (b) lAqum 
Ferri Citralia — gss to fjj ; {■;) Ferri et Ammonix Ciiras, 
Fe,O^NH,0.0^,0„+2HO, (d) Ferri et QuiMoi CUram, 
Fe,0,.C„H,NjO„CuH,0„+ 4?H0. 

310. Sources. — The roost important orea nf iron are 
the Magnetic oxide, Fe,0„ Specular iron or red hftmatilf, 
F,0„ Brown fafematite, Fe,0fc3H0, Sparry carbonatf;, F»rO, 
COj, and Olay iron atone, wttieb also cootain* tb^ CMrfioO' 
at«. It exists abundantly aa iroD |>yritra, r«B» wbleb is 
not used as an ore ; ia smb, roc^, nlncnvl aprtBgi^ tb« 
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hffimatiae of the blood, et«. Is the ruoft nhimdsDt and 
widely diffused of the heavy luetala. Is fouud very rarely 
native; occurs combined with nickel in meteoric stones. 

Prep. — Iron ores are reduced in the blast furnace by 
meaas of carbon ; lime-stoDe is added to act as a^ux — 
that ia, to combine with the silica of the ores, which would 
otherwise unite with the iron ; the slag formed by the sili- 
cate of lime floats on the surface of the reduced iron, and 
is taken from the lower part of the furnace by a separate 
opening. Cast iron, the product of the blast furnace, is a 
carbide containing as high, in some cases, as 5 p. c, which 
would give Fe,C. It also contains graphite, UDcombined 
carbon, silica, and often sulphur and phospbonia; the lat- 
ter are exceedingly difficult to remove and injurious to its 
quality, sulphur rendering iron brittle when hot (red short) 
and phosphorus when cold (cold short). Wrought iron is 
made by burning the carbon out of cast iron by a enrrent 
of air (puddling). It may be obtained pure by reducing 
pure FejOj by a current of H at a red heat (Ferrum re- 
dactunt). Malleable iron, so called, is manufactured by 
keeping plates or articles made of cast iron imbedded in 
hfematito or oxide of zinc, at a red heat, for a long time. 
The iron loses a part of its carbon, and resembles in many 
respects wrought iron. Steel contains from 1'3 to 1-75 p. c. 
of carbon. It is prepared (1) by partially decarbonising 
cast iron (puddled steel); (2) by exposing bars immersed 
in charcoal powder to an intense heat for i8 hours or more 
(blistered steel). The latter process is termed cementa- 

Prop. — Gasl iron is of a grayish-white appearance, s. 
g. 7'20T, melts at a white heat, and in small masses bums;. 
It expands on cooling. Wrought iron is infusible, but at 
a white heat becomes pasty and may be welded ; it is mal- 
leable, and one of the most ductile and tenacious of metals, 
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8. g. I'lSO. It baa a silvery, metallic lustre, which soon 
larnishes. Steel has a s. g. of t'libO, is more tenacious 
than iron, and has the remarkable property of becoming 
bardened when heated to redness and suddenly cooled ; 
by reheating and slowly cooling, this hardness is dimin- 
ished (drawn down), and the steel is said to be tempered. 
It is then highly elastic, malleable and ductile. Iron and 
Bteel possess magnetic properties, which they lose when 
heated to redness. All the forms of iron rust when ex- 
posed to moist flir or when immersed in ordinary water. 
The presence of a small portion of acid, or of certain salts, 
increases greatly this change, and the presence of alkalies 
Dud lime in water retards it. Iron does not rust in water 
deprived of air. Cast iron long immersed in aesrwater 
has the iron entirely removed, leaving a mass of carbon. 
Rust consists of hydrated sesquioxide, Fe^Oa.SHO, and 
always contains NH.O, from the union of atmospheric N 
with the nascent H given off during oxidation. When 
iron is burned, the magnetic or black oxide Fb,0, is formed, 

311. Paative Comlilion nflron.— Irou is usually readily attacked 
by aoids, but may be rendered patgive, in whinh state it is not 
nSected by coucentruted nitrio aoid. Thia condition may be 
brnugbt about (I) by heating tbe iron and plunging into HO, 
NO,; (2) by dipping it in HO.NO, and washing with water; (3) 
by putting it in contact with a platinum wire or piece of paaaive 
iron immeraed in the aoid; (4) W making it the positive pole of 
Avoltaio circuit, introducing it after the negative. These turioua 
results appear to depend upon the formation of n film of oxide. 
Pufisive iron is employed as a cheap substitute for platinum in 
the nitric acid battery (98). 

312. Chem. Rel. — Iron unites with most of the metals. 
and with all tbe non-metallic elements, except H ? and B. 
It forms with 0, 1. Protoxide, ferrous oxide, FeO, which 
may be obtained by precipitating a salt of the protoxide 
with a caustic alkali; it forms a whitish hydrate, losing 
ils water, and becoming black, wlien boiled; is attracted 
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by the magset ; exposed to the «ir, turns p«en, aiid nltt 
Diately brown, absorbJDg O an<i becoming sesquiozide ; 
when dry. it gometimes absorba with each BTidity as lo 
take fire ; is powerfully basic. Its salts are generally of a 
delicate green colour, and oauscous, metallic taste ; they 
absorb oxygen readily, escept the native carbonate, be- 
coming brawn, from the formationof sesqaioxide. 3. Se*- 
qitioxide. Ferric oxide, Colcolhar, Crocug Mariis, jewel- 
tern' rouge, Fe,0,, prepared by precipitating a salt of the 
sesqaiaxide hy caustic alkali, and igniting the hydrate thiu 
formed, ia of a red colonr, not attracted by the magnet, 
unaltered by heat, reduced by a carrent of hydrogen at » 
red beat, or by C at a higher beat ; is feebly basic wbeA. 
hydrated, inert when anhydrous. Its salts, formed gen* 
erally by oxidising those of the protoxide, have a reddisli 
or brown colour, a styptic, astringent taste, and an acid 
reaction. It is reduced by vegetable matter, the prot- 
oxide formed again absorbing O from the air and carry- 
ing it to the fabric Thus the corrosive effect of rust or 
iron mould is accounted for. Like alumina, it acts as a 
mordant, and it renders the colours darker. 3. Black Ox- 
ide, Magnetic Oxide, FejO,, most probably a combination 
of FeO,Fe,0„ does not form salts. Ferric Acid, FeO* htU 
not been isolated ; its potassa salt forms a deep amethys- 
tine-red solution, which soon decomposes ; it forms with 
baryta a deep crimson, insoluble, permanent salt; with 
S. FeS (^Ferri Sulphurelum), re,S„ FeSj, iron pyrites, and 
Fe^gj, magnetic pyiites. Iron pyrites, FeS^ 
cubes or octohedra (1st system) of a brassy appearance^ 
and so hard as to strike fire, hence ita fijbme (Gr. pur, fire); 
It is easily distinguished from t'-i|d '"tits h 
iis lower s. g. 4-7. and the Si 
Exposed to 

|tr»lj-~"' , iiigcoDsid- 
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erable heat, and becoming FeO.SOa, which ii 
times manufactured. 



There nre twovarietica DFcommon pyrites generally described ; 
the hepatic, which is of a liTer-coIuur, appears to be odIj common 
pyrit«H partiallj oxidined. We have also two varieties of arseni- 
cal pyrites. 

The Other important compounds of iron will be condd- 
ered under their officinal preparations. 

Tests. — For the protoxide : Ferricyanide of potassium, 
KaCfdy, throws down a blue precipitate (Fe,CfJy, Turn- 
bull's blue). For the seaquioxide : (1) Infusion of galls, a 
black precipitate (ink) ; (2) Ferrocyanide of potaasium, 
KiCfy, a blue one (Prusaian blue, Fe,Cfy.); (3) Sulpho- 
cyanide of potassium, KCsy, strikes a blood-red colour; 
(1) HS gives a white precipitate of S ; and (5) Nll^S^HS, 
a black one of FeS. 

3Ied. Effects — The salts of iron are tonic and astrin- 
gent, the former property being possessed more decidedly 
by the proto compounds conveniently termed ferrous salts, 
and the latter by the aesqui, or ferric aalta. It is deficient 
in the blood in ansmia. The blackening of the stools ob- 
served during the internal use of iron is due to the for- 
mation of sulphide. 

Incompatibles. — -The vegetable astringents, the alka- 
lies, alkaline earths, and their soluble carbonates. The 
members of the cyanogen group generally. 

313. As Metal — Ferrum Medactum, Quevennea iron. 

Prep. — By passing a current of H at a red heat over 
Ferri subcarb., which may be regarded in many cases as 
merely a sosquioxide, FeiOj-f IIa=Fe-(-3H0. 

Prop. — A light tasteless iron-gray powder, having the 
properties otherwise of iron. It readily absorbs moisture 
( frgm the air and oxidises ; hence it should be kept in well- 
■*tlea. Dose, gr j to iij ; is readily administered 
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in lozengee, etc. It causes eracfationa of H. Is incom- 
patible with acids and acid salts. 

314, Oxida, Ferri Oxidum Hydratum, Fe,0„3H0. 

Prej\ — Ry adding to Oj Liq. Ferri Temulphntiit, pre- 
viously mixed with Oiij Aqute, Aqua Ammoniae, until in 
Bligijt excess; the precipitate is separated by a wet muslin 
Strainer and washed, Fe,03,8SO,+3(NH,0,HO)=Fe,Oj, 
SHO + SCNHjOpSO,)-*-- In the absence of the Liq. Ferri 
Tnrsulpkat., the Tincl. Ferri Chlorid. may be used, Fe,Cli 
+ 3(NII,0,HO)=PeA-3HO+3NH,Cl-^. Monsel'a soIb- 
tion (321), or any soluble ferric salt, will yield the ferric 
hydrate on the addition of alkali. 

Prop. — A brownish pulpy mass, freely soluble in acids; 
when long kept, undergoes a change, t>ccoming crystalline, 
and losing one-half of its water; its virtues as an antidote 
are then impaired ; it also quickly becomes crjst^ine 
when frozen; immediately, at 21° (Limberger); does not, 
however, then lose its water, as when long kept, and 
although less soluble than the amorphous, is more so than 
that which has become crystalline, and less hydrated by 
long keeping (Wittstein). 

Med. Unes. — Used sometimes as a tonic; moat valued 
as an antidote to Arsekuous Acid. 

315. Sulphide, Ferri Sulphuretum, FeS, or (5reS+ 
Fe,Sj). 

Prep. — By heating together Fe and S. 1. A mixture 
of two parts of S and one of Fe by weight. 2. By rubbing 
roll Bulphnr upon the end of an iron rod heated to redness 
and allowing the fused mass to fall into water. It gener- 
ally contains an excess of S, but when heated to expel this, 
is a protoBulphide (ferrous sulphide), FeS. Has a brown- 
ish-black colour; evolves HS on exposure to moist air. la 
used only for making sulphydric acid, HS (217). 
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31S. Ghlonde, Ferri Chloridum, Tinclura Ferri Chlo- 
ridi. 

Prep. — Take of pieces of iron wire (card-teeth are con- 
venient) gij, Acid. Muriatic Jxii, Add. Nitric, si or q. a. 
Add the iron to ^viij of -the Acid. Muriat. in a large flask, 
and heat ^ntly until efTervceconce ceases ; filter, add the 
remainder of the Acid. Muriat., heat nearly to boiling, and 
add the Acid. Nitric, by degrees until red fninea are no 
longer evolved and the liquid does not afford a precipitate 
with ferricyanide of potaBsium, KjCfdy (absence of ferrous 
chloride). Evaporate and crystailise. 

Remark. — Iron forms a /erroue chloride, when acted 
upon by HCI ; Fe-l-HCl=PeCl-f-H. It is a greenish 
liquid, prone to change. By the action of the HO,NOs 
and HCI this is converted into the /erne chloride, 6FeCl 
-f-HO,KOs-|-3HCl=3Fe,Cla+NO,-f-4HO. 

Prop. — In orange-yellow grains of a crystalline struc- 
ture which varies with the amount of water of cry stall isa- 
tion. Is rarely used in the solid form. In solution is 
employed as a styptic and deodouriser. 

Tinctura Ferri Ckloridi; Muriatcd Tinctnre of Iron, 
a. Ferri, Si'j ; Acid. Muriat., Jxviisg ; Alcohol, Oiij ; Acid. 
Nitric, Aquae Desttllalm, ila q. s. Proceed as in the last 
preparation, but instead of crystallising add the at|ueou3 
solution, which should measure Oj, to the alcohol. It was 
formerly prepared by the action of HCI on Ftirri subcarb., 
Fe,0i,3H0 + SHCl^FejClj-l- 6H0. 

Prop. — A transparent, reddish-brown liquid of a styptic, 
Bour taste and agreeable fruity odour, s. g. 0990, contaiua 
29 grs to f 5 j. Is used aa a specific in erysipelas and spas- 
modic stricture. Is incompatible with gum arable. Dose, 
gtt X to XXX gradually increased ; should he diluted with 

■atcr and sucked through a tube to avoid action o 
tocth. 
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317. Iodide, Pel ; Syrupus Ferri Jodidi. 
Prep. — Introduce into a thin glass flask sij lodinii, 

Ferri fill * gr cce., Aqux dealillatx f^ iij ; agitate until the 
liquid acquires a green colour and loses the smell of 
iodine. .Then filter into it Oj Syrujn previously heated to 
212° ; shake thoroughly, and when cool add Syrupi q. 8. , 
ad f^xxli. The iron ia in excess; the sugar protects thsi' 
iodide from change; without it the iron becomes oxidisedf* 
and the iodine set free, giving a brownish tinge to the!.' 
liquid; iron wire in the liquid will again combine 
this. It should he kept in the dark. 

Prop. — A transparent, greenish liquid, which should' 
not affect starch (absence of free iodine). Has the medi^ 
cal properties of its constituents. Dose, gtt xx to xl, 
dropped into water in a glass or porcelain vessel. Like 
2'inct. Ferri Chlorid., should be taken through a gli 
lutw, or quill. 

PilulsB Ferri lodidi, Blancard's Pills. 

Prep. — 588 lodinii, gr ccxx Ferri fdi and f^j Aqua, 
are mixed as above, and filtered upon a mixture of Al- 
Ihex pulv. gsa, Acaoix pulv. et Ferri Medacti aS grlx; 
fjij Aqux deatillat. being poured upon the filter to wash it 
Evaporate with stirring to a pilular consistence, and make 
300 pills. These are coated by shaking in a solution of 
Btdsam. ToltUani gr Ixj in fsj .^ihei-ie, and drying. Each 
pill contains about gr j Ferri lodid. and i gr Ferri Bedacli> 
They are quite permanent 

318. feiTOtsyaidie, Ferri Ferroryanidum, Prussian Blue 
Fe.Cfys- 

Prep. — By adding gradually with stirring to a solution 
of Potass. IWrocyanid. 5ix in Oij Aquie, Oj Liq. Ferri 
Tersulphalig diluted with Oj Aijum, aud washing the pre- 
cipitate with boiling water; 3K,Cfy-|-2(Fe,03,380a)=Fe. 
Cfy,+fi(KO,S0,)_». Soluble Prussian Blue (not officinal) 
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is made, (l) by exposiog the white precipitate obtained from 
a ferrons salt by K,Cfy to the air, (Fe.Cfy,+FejOa); (2> 
by adding FeiO,,3NOs to, an excess of ,E,C^, and. washing, 
(Fe^Cfy,+2K,Ciy). Both of these dissolve in pure water. 
Prop. — The officinal ferrocyanide is a deep blue, taete- 
less, inodorous powder, insoluble in water and alcohol. 
Is used iu dyeing, painting, and when dissolved by the 
aid of oxalic acid, HO.CsO,, forms blue ink. Has been 
used as an antiperiodic and in neuralgia. Dose, gr v to x, 
gradually increased. 

319. Nitrates, Li<]uor Ferri Niiratie, FeiOs.SNOc 
Prep. — By the action of dilute HO,XO, in excess upon 

iron.* At first a ferrous nitrate is formed, which has apale 
colour and is prone to decomposition, Fc + HO,NOi^FeO, 
NO,+H. This is employed in medicine when protected 
by syrup, but is not officinal. The ferrous nitrate, heated 
to 130° with the ffradual addition of HO,NO„ becomes 
ferric nitrate, 6(FeO,NO()+4(HO,NO()=3(Fe,Oj,3NO0 
+N0j+4H0; 8. g. I'OeO to 1-010. It contains 5j Ferri 
to fsxxxvi of solution. 

Frop. — An amber-coloured liquid of an acid, astringent 
lafite. Used especially in chronic diarrhoia, unattended 
by ulceration. 

320. Carbonates. 
Sem. — An alkaline carbonato added to a ferrons salt 

throws down a white hydrated ferrous carbonate, FeO,CO,; 
on exposure to the air this absorbs 0, and loses COj, be- 
comijig FjOj with a yarying proportion of COj. 

Pilulse Ferri Carbonalis, Vallet's Mass. 

Frep. — R Ferri Sulph. ^vili- Sodx C'arb. giz; Mel. 

Denpum. 5iij; Sacch. pulv. Jii; Aq. Bull. Oij; Syrup, q, s. 

Dissolve the sulphate of iron and carbonate of soda, each 

in Oj of water, to which has been previously added f g j 

^L syrup; mix the two solutions, pour into a bottle, closely 

^^ • EiMii or water is amittei in Ibe niactioai. Saa p. 128. 
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stopped, jiMt large enough to hold them, and allow tho 
precipitate to Bubeide, (FeO,SOa+NaO,CO,=FeO,CO,+ 
NaOjSOj-*); pour off the supernatant liquor; wash the 
precipitate with water recently boiled and sweetened with 
syrup (fjj to Oj), until the washingB have no longer a 
saline taate; pla«e it upon a flannel cloth to drain, and 
afterwards express as much water as possible; then im- 
mediately mis with the honey and sugar; by means of a 
water-bath evaporate with constant stirring to a pilnlar 
consistence. 

Sem. — The use of the sugar is to protect the femma 
carbonate, PeO,COj, from change. An efficient and easily 
adrainist«red chalybeate. Dose, gr v to x. The Mislura 
Ferri Compogita and Filnlee Ferri Compo»ilee contain 
FeO.COj; they are liable to change, and but rarely pre- 
scribed. 

Ferri Suhcarbonas, Precipitated carbonate of iron. 

Prep. — As above, but without the tise of syrup, the 
precipitate is washed with water and dried on unsized 
paper, without heal. The FeO.COi at first precipitated 
absorbs O, turns reddish-brown, and loses a great part of 
its COj. The preparation is a hydrated sesquioxide con- 
taining some COj. 

Prop. — A reddish-brown powder, soluble freely with 
effervescence in HCl, with difficulty in other acids. When 
heated, it loses water, becomes of a brighter red, and is 
injured; by high beat it becomes anhydrous FcaOj which 
is not attacked by acids or alkalies, and is inert, (cotcothar, 
jeweller's rouge). When prepared as directed, may be 
used, in the absence of the Ferri Oxid. Hydroi,, in caaea 
of poisoning by AsO,. Is given in doses of gr x to xx aa 
a tonic, and in large doses up to Sj as an antispasmodic. 
The Trockiici Ferri Subcarbonatia contain each about 
grv. 
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321. Snlpliates. 

FerriSutpkas, Ferrous sulphate, Copperas, Green vitriol, 
FeO.SOj+IHO. Is made by acting on iron by dilute HO, 
SOa, evaporating and cry etalli sing; Fe-f EO,SOB=FeO, 
SOa+H. On the large scale, from the refuse HO.SO, of 
the reiinerieB of petroleum, chloroform, eta, and old iron 
scraps; also by the oxidation of iron pyrites; the latter is 
too impure for medical use. 

Prop. — When pure, is in bluish-green, transparent crys- 
tals of a styptic taste and acid reaction; soluble in 2 parts 
cold and 3 boiling water; the crystals contain T eq. water 
of crj-stallisation, 6 of which they lose by a moderate heat 
(I\irri Sulphas Exsiccala) ; exposed to the air, becomes 
green and finally covered with a brownish eEBorcsconce 
of subaulphate of sesquioiide ; its solution is a pale greeu, 
becoming dark from the absorption of O. Is tonic and 
astringent ; should be dried before making into pills. 
Doie, gr i to v. Mixed with an equal weight of lime, 
forms a cheap deodouriser for sinks, etc. 

Liquor Ferri Tereulphatis, Solution of Ferric sulphate, 
Pe,03,3SO,. 

Prep. — R. Acid. Sulphuric. 5ij gr Ij^. Acid. Nitric. 3} 
gr cccls, AquBB Osa. M. Add Ferri Sulphat. pulv. gxii, 
one-fourth at a time, to the mixture, previously heated to 
the boiling-point, stirring after each addition until effer- 
vescence ceases, and heat until the liquid acquires a reddish 
colour and loses the odour of BO, ; when nearly cold, add 
Aquas q, s, ad Ojss. The nitric acid is used to raise the 
ferrous oxide of the FeO,SOj to the ferric oxide, and an 
additional equivalent of HO,SOi is used for ea«h of FcjO, 
formed to make a normal salt (243), 6(FeO,SO,)+NO, 
= 3(Pe,0,,2SOj)_,-HN(5,; FeA,2S0,+ HO,SO3=Fe,O„ 

L^SOa+HO. 
Prop. — A permanent clear reddish-brown liquid, e. g. 
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1'390, or an aetriogent, ftcrid taste, miscible witJioat d 
position in all proportions vith wat«r and alcobol. 
nrelf prescribed, bdng^ aaed chiefly in making other fer- 
niginoaa preparations: 

Liquor Ferri SuhsutptuUis, Monsel'a solution, 2F^(V 
6S0^ 

Prep. — 8. Ferri Stilphat. giii, ^cid. Sulphuric. Jj gr 
XM, Jcirf. Nitric._ Jj gr ecc, Aqu« q. s. The process is 
the Bame as that last described, maldng the qnantity of 
solution at the end ot the operation f^xii. 

Tb<3 name persulphate of iron, commercially given to lliia prepa- 
ration, is bad ; persulphate meang atrictly a compound of per- 
■ulphiiric acid, a bodv unkoowa. If it is ioteoded to mean 
sulphate of the peroxide, it is equally unfortunate. The use of 
the terma peroxide, persulphide. etc., for sesqui compoonds sbould 
be baniihed from chemical nomenclature as indefinite. It ia a 
«t(&f>ulphate, Bs it contains an escesa of base. 

Prop. — A ruby-red, syrupy solution, s. g. 1552, resem- 
liling that last described in general properties, but less 
acrid to the taste and less irritating. Is lai^ely used as a 
styjitic and astringent. On evaporation, yields deliques- 
cent, readily soluble scales, but, like most sub-salt^, does 
not crystftUisc. 

Ferri et Ammonite Sulphas, Amnionlo-ferric alum, F,0„ 
380,+NH.O,80j+24HO. 

Prep.— B. Liq. Ferri Tersulphal. Oij, Ammonix Sut- 
phai. livBS. Heat the former to the boiling-point, add 
the latter with stirring; when dissolved, evaporate and 
crystallise. By using KO,S0j in proper proportion, a 
potassio-ferfio alum, nearly identical in physical proper- 
ties, is obtained^ ' -' 

frop.-^ Resembles ordinary alum in most respecte; the 
taste is sour, and it is rather more soluble. Is used in the 
same cases. 
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Ferri Fkosphas, 2FeO,HO,P03, or 2FeO,FejOjPOs. 

Frep. — Is made by double decomposition of Sodas 
Phospkas (6 parts by weight) and Ferri Sulphas (5 
parts by weight); 2NaO,HO,PO„+2{FeO,SO,)=2FeO, 
HO,PO( and 2CNaO,SOa^). Should the FeO.SOa con- 
tain FciOj, it will combine in place of the basic wat«r; the 
insoluble phosphate is filtered from the solution of the sul- 
phate, washed and dried. 

Prop. — A bright, slate-coloured powder, insoluble in 
water, but soluble in acids, which usually decompose it; it 
may be dissolved unchanged in Metaphosphoric aeid, 
HO.POj, and in HCl. 

Med. Effects — Those of its constituents. Dose, gr t 
to X. Combined with phosphates of lime, soda potassa, 
and rendered soluble by HO,POa or HCl, it conatitutfls 
the so-called chemical food. 

Ferri Pyrophosphag. 

Prep.SodsE Fhosphas, 2NaO,HO,POs-f-24HO, SriisB, 
ia gradually heated to redness, by which it becomes pyro- 
phosphate, 2NaO,POi; it is then dissolved in ^gua Oiij, 
and Liq. Ferri Tersulphat- added as long as a precipi- 
tate falls; this is drained and washed; 3(2XaO,PO,)-t- 
2(FeA,3SOa)=2Fe,0,.3POs+6(NaO,SO^). Acid. CUric. 
gij is then saturated with Aq. Ammonix ; the citrate of 
ammonia formed is mixed with the 2FejOi,3POs, and the 
L liquid evaporated to gxvi and poured on glass, when it 
H dries into scales. 
I Prop. — Scales of an apple-green colour and acid galine 

■ taste, freely soluble in water. Contains 48 p. c. of pyro- 
I phosphate of iron, which is held in solution by the citrate 

■ of ammonia. Dose, gr ij to v, in water or syrup. 
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233. Lactate, Ferri Lactax, FeO,CaH,Os+3H:0. 

Prep. — By the action of dilute lactic acid on iron 
filings. Fe+HO,C3s06=FeO,CsHsO,+H. 

Prop. — Greenish-white crystalline grains, of a sweet- 
ish taste, soluble in 48 parts cold and 12 boiling water. 
Dose, gr s to xx, 

324. Taxtratea. 

Ferri el Potassx Tarlras, KO.FevOj.CgH.Oo+HO. 

Prep. — By heating cream of tartar, mixed with water, 
to liO^.-and adding ferric hydrate as long as it will dis- 
solve. KO,HO,CBH.O,o+FeA,3HO=KO,Fei,Oa,C,H,0„ 
-f-4H0. The salt, not being normal (243), does not crys- 
tallise. The solution is evaporated to the consistence of 
syrnp, and spread upon panes of glass to dry. 

Prop. — Ruby-red, transparent scales, of a sweetish 
taste, soluble in 4 parts water. Contains about 30 p. o. 
of FejOj. Is slightly laxative. Dose, gr x to sxx. 

FerrietAmmonix Tartras,li{H.S),FthO„GsStOu,+ i ? HO. 

Prep. — (1) Saturate gvi Acid. Tart, dissolved in Oij 
Aqux deetittat. with Ammonise Carh. q. s. ; then add Jvi 
more of Acid. Tart. (2) Saturate the resulting bitartrate 
of ammonia with ferric hydrate, and proceed as In the last 
preparation. The reactions involved and the properties 
and dose are similar. 

325. Citrates, Liquor Ferri Citralis. 

Prep.— By saturating a solution of citric acid at 150° 
with FcjOs.snO. 5 v3vi of citric acid yield apint of solution. 

Prop. — A deep reddish, permanent solution, of a slight 
ferruginous taste; contains gss of FeiO„C|,HsO,i to the 
f3j. By evaporation the solution as directed for the tar- 
trates, there is obtained the Ferri Citras in scales resem- 
bling in general properties and dose those preparations. 

Ferri et Ammonix Cilras. NH(0,Fe,0„C,!,H50„+2HO. 
R Liq. Ferri Citrat. 0}, Aqux Ammonite fjvj. M. The 
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aolutioQ is evaporated at a temperature not exceeding 150° 
and treated as the citrate. It is more soluble tban the 
latter, but otherwise resembles it ; it contains 24-5 p. e. of 
Fe,0,. 

Ferri el Quints CUras, Fe^Oj.O^oHiiNaOT, CuHsO,, + 
HO? 

Prep. — By saturating Liq. Ferri Citrot. with Quinia 
obtained by precipitating the sulphate of quinia by am- 
monia in slight excess. The temperature of the solution 
during the operation should be 120°. It is evaporated and 
obtained in scales, of reddish-brown colour, bitter and 
ferruginous taste, slowly soluble in cold water. Dose, gr 

V to X. 

Other preparations of iron, as the acetate, tannat«, valeri- 
anate, prototartrate, perchlorate, citrate of iron with strych- 
nia, magnesia, and zinc; double phosphates of iron and am- 
monia, iron and lime, etc., etc., have been made and used. 
Fortunately they are not officinal as the list is already 
crowded with compouiida differing but little in phyeicctl 
and medical properties. 

CHEOMIDM, Cr=26. 

326. Sources. — Chrome iron ore, FeO,Cri03, and, rarely, 
native chromate of lead, Pb0,Cr0,. The former by fusion 
with nitre gives the chromate of potassa, KO.CrOg, from 
which the other compounds are derived. 

Prep, and Prop. — By reduction of the oxide by C. Is 
a hard, grayish-white metal ; a. g. 5-9 ; difficult of fusion, 
and does not readily oxidise. 

Cham. Rel. — Resembles closely manganese and iron; 
with O forma Protoxide, OrO ; Setquioxide, CrjOj, bases ; 
Chromic Add, OrOj, and Perchromio Acid, Cr,0,. 

Acidum CAromicum, CrOa, is prepared by the action of 
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etrong HO, SO, upon biehrotiiate of potasaa, KO,2CrOj. 
crystallises ia brilliant red prisms ; very deliquescent and 
soluble in water. It has been used in medicine as an 
escharotic. It rapidly dissolves organic matter, except 
gua-cotton and paraf&no, and ia a powerful oxidising 
agent, becoming reduced to CfjOj. The cbromates 
markable for their brilliant coloura and are used as pi^j 
ments, especially those of baryta, lead, and antimony. 

Potassas Biahromas, EO.SCrOs, posBeesea the properti 
of CrOj, but in a milder degree. It is used as an escharo( 
and 83 an oxidising agent. Internally, in large doses, Is 
an irritant poison. Antidotes: mild alkalies, demulcents. 
Has been used in email doses (gr J, gradually increased) 
in secondary syphilis. None of the other preparations of 
chromium are used in medicine. Workmen engaged ii 
manufactures where it is used are liable to painful uli 
ations. 

NICKEL and COBALT- 

321. Two metals, isomovphous with iron, zinc, and co^ 
per. They occur in nature as arsenides and generally a 
sociated. They are not employed in medicine. 

Nickel, Ni = 29-5. — A white metal, s. g. 8 to 8-8; di&fl 
flcult of fusion, is magnetic; occurs in meteoric stones. ' 
Its protoxide, NiO, forms salts of a delicate green colour. 
Nickel is chiefly employed in the manufacture of Germaa 
silver, which contains 100 parts copper, fiO of z; 
of nickel. 

Cobalt, Co = 29'5. — Resembles nickel in properties a 
chemical relations. Its protoxide, CoO, forms pink salta 
but is precipitated by alkalies as a blue hydrate. Tbu 
chloride, CoOl, is used in dilate solution as a sympathetic 
ink, being invisible until heated, when it becomes blae, 
and again fades, if not too highly heated, on cooling. C(k \ 
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bait is employed to ^ve a blue colour to glass and artifi- 
cial gems ; also in blowpipe analysis. 



COPPER, Cu=317. 

328. Sources. — Occurs native, and as oxide, carbonate 
(malachite), and anlphide (copper pyrites, FeaSjCuS). 

/•j-qp. — A brilliant, sonorous, very malleable and duc- 
tile metal, of a characteristic colour, slightly nauBeons 
taste, and disagreeable odour when rubbed ; a. g. 8'89 ; 
fuses at 1996° ; is but little affected in dry air ; in moist 
air, especially in the presence of acids, liecoinoB coated 
with a green carbonate. At a red heat it becomes covered 
with a black scale of CuO. 

Chem. Sel. — Forms three oxides : Suboxide CujO, Prot- 
oxide CuO, and an undetermined higher oxide, which is 
acid. The protoxide is of a black colour, its salts are iso- 
morphous with those of zinc and of a rich blue or green 
colour. Those of CujO are colourless. 

The idloijs of copper are niimeroua and valuable. Bmsa eon- 
taios copper with 28 to 34 p. c. of zinc ; mimU metal, 60 copper 
to 40 tvaa ; gnn metal, 90 copper to 10 tia ; aluminium bronze, 
90 copper, 10 aluminium ; AuBtriao guu melal, remarkable fur 
tBDBcil^', copper 5504 p. c, lino 42'36, tin 8-3, iron 1-77. Bab- 
bit's antifriction metal, 24 eaoh copper and tin, and 8 of anti- 

Teets. — Ammonia throws down a blue precipitate, sol- 
uble in excess; Ferrocyanide of potassium a brown, and Hy- 
drosulphuric acid a black precipitate. 

329. Slllphate, Gupri Sulphas, CuO.SO^+SHO ; Blue 

Prep. — May be obtained by boiling Ca in nO,S0i; 
SO, is given off; Cu+2(H0,SO3)=Cu0,SO,+ S0,-t-2HO. 
On the large scale, by roasting the native sulphide, or by 
diBRolving copper scales (CuO) in HO,ROj. 
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Prop. — Rich, deep blue, oblique rhomboidal (5th b; 
tem) crystals, of a nauseous, styptic taste, soluble In 4 
parte cold and 2 of boiling water. When heated, it under-* | 
goes aqueous fusion, then dries and becomes white ; 
high temperature, ia decomposed. 

Med. Effects. — la small doses, tonic, antispasmodic, and" \ 
astringent ; in large doses, emetic ; externally, escharotii^ 
and in solution astringent. 

In large doses, gss and more, an irritant poison, but not 
likely to be taken, on account of its taste. Antidotes: 
magnesia, albumen ; the same may be said of all the aalto 
of copper. When copper vessels are used in preparing 
food, or when workmen are exposed to it, slow poisoning I 
may also take place, giving rise to cramps, diarrhcea, and 
dysentery. 

Incompat. — Those of the soluble sulphates; metallic; 
iron and zinc ; the alkalies and their carbonates. 

330. Cupri Suhacelan, Verdigris ; impure Subacetate of 
copper. 

Prep. — la made by stratifying sheets of copper and 
refuse of grapes ; the alcohol in the husks becomes acetic 
acid, and unites with oxide of copper formed upon the 
piste. Its composition is variable; contains 3ruO,2C, 
HaOs+BHO, and 3CuO,C,H303+3HO. 

Prop. — Pale, greenish or blue masses composed of 
silky needles; soluble in ammonia, insoluble in aloobol. 
and decomposed by water into neutral acetate, CnO.OjHa 
Oa, and trisacetatfi, 3CuO,C,H,Oa. 

Med. Effects. — Used only externally as an escharotiolfl 
aid astringent; internally, like the other salts of copper^ \ 
is poisonous. 

331. Cuprum Ammoniattim, Ammoniated copper. 
Prep. — Is made by rubbing (Sss) Cupri. Stilphat. with 

pr ccclx (jvi) Ammon. Cnrh. until rfFcrvcsccnce c 
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Rem. — The compoaition of this componad is not under- 
Btood ; probably a cupro-stilphate of ammonia, NII,0,SOj 
-f NH.O,CiiO+HO, in which the oxide of copper acts the 
part of an acid. 

Prop. — A beautiful, deep azure-blue salt, with a strong 
ammoniacal odour, and atyptic, metallic taste; is freely 
soluble in water; rapidly decomposes on exposure to 
the air. 

Med. affects. — Tonic and antispasmodic. 

Incompat. — All acids; the alkalies and earths gener- 
ally, and their carbonates. 

333. Of the compounds of copper not used in medicine 
the following are the most important. The chloride, CuCI 
-t-2H0, is soluble in alcohol, to the flame of which it com- 
municates a green colour. The oxychloride, 3(CuO,HO) 
-|-CuCI+HO, occurs native as aiacamile, and is known in 
commerce as Brunswick green. The carbonate occurs 
native as malachite, CfiO,'KO+CaO,CO„aniazurile, CuO, 
HO+2(CuO,COs) ; in commerce the same compounds, ar- 
tificially prepared, are known as green and blue verdiler. 



ZINC, Zn=32'5. 

Syllabus. 

Metal, Zincum. 

OxrDK.ZnO; ^inctOaitdMm, Zinc white, Flowers of zinc; 
Ung. Zinci Qxidi. 

Chlorides, ZnCl; Zinci Chloridum,, Butter of Zinc; 
Burnett's disinfecting solution ; Oxychloride, 2iiCl,3ZnO 
+2H0. 

Carbonate; Zinci Garbonas Prxcipiiata, 8ZnO,3CO|, 
+ 6H0, Ceratum Zinci Carbonatis. 

Sulthate, ZiiO,SO,-|-7HO; Zinci Svlphm, White Vit- 
riol. 
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Acetate, ZnO,CJifi3+2T10; Zinci Acetas. 

Talertanate, ZnO,C,[,H(0,; Zinci VaterianaB. 

333. Sources. — The native sulphide, ZnS (blende); car- 
bonate, ZnO,COi, (calaminoj ; and silicate, ZnO,SiOj+HO 
(electric calamine). Tt is ohtaincd by roasting and reduc- 

Prop. — A bluish-white, rather hard metal ; a. g. 6'8 ; of & 
peculiar odour when rubbed. Commercial zinc is somewhat 
brittle ; between 212° and 300" it becomes malleable, above 
400° again brittle, and may be beaten into powder. Ztnc 
may be conveniently granulated by holding above a pan of 
water a common broom thoroughly wetted, and pouring 
the molten metal over it. It melts at IIO", and ig volatile 
at a bright-red heat; if volatilised in the presence of air, it 
burns with a bright bluish-white flame and evolution of a 
cloud of ZnO (philosopher's wool). Exposed to air, it tar- 
nishes superficially, and the coating of oxide formed pro- 
tects in a measure the metal within; acids corrode, it 
rapidly. 

Chem. Mel. — Torms one oxide, ZnO, the salts of wmcK 
are iaomorpboua with those of magnesia, 
colourless and generally soluble. Test. NHiS,HS throws 
down a characteristic white sulphide of zinc, HS does so 
only in neutral solutions. 

Med. Effects. — The salts of zinc are tonic, antiflpaa- 
modic, and astringent. 

834. Oxide, ZnO, Zinci Oxidum. 

Prep. — On the large scale by burning zinc ; a purer form 
is obtained by exposing the precipitated carbonate to a low 
rod heat until HO and CO, are expelled ; this is the oflfid- 
nal process. 

Prop. — A tasteless, inodorous, white powder, insoluble 
in menstrua except the acids and caustic alkalies, 
becomes yellow when hented, but white again 
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It is the zinc white of commerce Qsed as a Bubstitut« for 
white lead, as being less liable to produce symptoms of 
metallic poisoning;, Sose, gr ij to x. The Vnguentum 
Zinci oxidi is made by rubbing up 5j Zinci Otridi with 
3vi Adipis. Is ueed externally as a mild astringent. 

335. Chloride, ZnCl ; Zind, Chioridvm, Butter of Zinc. 

Prep. — By direct combination of its elements, or by the 
action of HCl on Zn=ZQCl+H. Id the officinal process 
3iias of zinc is dissolved in Add. muriat. q. s., the Holution 
strained, A<rid. nitric, gr Ix added, and the whole evapo- 
rated to dryness. The dry mass is dissolved in f^v Aquse, 
and gr Is Cretm Praeparatm added, the whole allowed to 
stand 21 hours. It is then filtered, evaporated to dryness, 
fused, poured upon a slab, and when solid broken into 
fragments which must be kept in a well-stopped bottle. 
The nitric acid ami chalk are to get rid of iron, the for- 
mer produces a ferric salt which is mostly decomposed by 
heat, the chalk neutralises any excess of acid and precipi- 
tates a aolable salt of iron as carbonate. 

Prop. — A white deliquescent salt, wholly and freely 
soluble in water and alcohol. Burnett's disinfecting solu- 
tion contains gr cc to 31, and has a s. g. of 2. It acts by 
absorbing HS and by preventing decay by coagulating 
albuminoid matters. ZnCl forms a series of double salts 
of which the double chloride of zinc and ammonium, ZnCl, 
NHjCI, is used in soldering to dissolve metallic oxides. 
Zinci Chloridum is used externally as an escharotic, or in 
dilute solution as an astringent. In large doses is an irri- 
tant poison; antidotes, soap, the alkaline carbonates. The 
oxychloride, ZnCl,3ZnO-|-3HO, is made by mi.xing a cod- 
eeatrated solution of ZnCl with ZnO, recently prepared 
by burning zinc. It hardens rapidly, is used as a filling 
for decayed t«eth, and as a cement generally. 
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336. Carbonate, Zinci Carhonas Preecipitata. 
Prep- — By mixing equal weights of Zinci Sulph. ai 

Sodx Carh. dissolved ia water, washing and drying the: 
precipitate. 

Prop. — A smooth, white powder, which should be 
wholly dissolved with effervescence in dilute HO,SOj. Its 
composition is not constant, is a mixture of the carbonate 
and hydrate of the oxide, or a carbonate containing ui 
excess of oxide, 8ZnO,3CO,-f 6H0, or (ZnO,CO,+HO)+ 
2(ZnO,HO). Is used as a substitute for the native eaft. 
bonate Calamine, which is generally impure. Is used ex- 
ternally only. Ceratum Zinci GarhonaHs, & substitute fof 
the old Ceratwm Calaminse, Turner's cerate, is made by 
mixing §ij Zinc. Carb. Prmcip. with gx Ung. Adipia. 
Resembles the Ung. Zinci Oxidi. The neutral carbouatfi^ 
ZdO,CO, occurs native as Calamine, 

337. Snlphate; Zinci Sulphas, White vitriol, ZnO.SOfc] 
+ 1H0. 

Prep. — By thu action of dilute HO.SOs upon Zn: 
ZnO,SOi+H. 

Prop. — Colourless, transparent, right rhombic crystals 
(3d system) much resembling epsom salt; has a slight add 
reaction, is soluble in 3^ parts cold and less than Ita 
weight of boiling water ; taste styptic, astringent ; whea 
heated, it undergoes aqueous fusion, becomes anhydrous- 
and finally loses its acid. 

Med. Effects. — Small doses, gr j to ij, tonic, astringent 
antispasmodic ; in large, gr xxx, emetic -, in overdose, an 
irritant poison, rarely fatal, from its producing vomiting j 
its effects are combated by mucilage and albumen. Exter- 
nally applied, is astringent and escharotic. 

Incompat. — The alkalies and alkaline earths, their car- 
bonates ; lead salts ; vegetable astringents. 



J 



CHEMiaTKY OF THE KLXKXNTS. 

338. Acetate, ZqO,C,II303+2HO; Zinci Acetaa. 
Prep. — Plumb. Acelat. gxii is dissolved in Oijj Aq. 

DestiUai. To this is added ^ix Zinci (granulated) and 
the whole shakea occasionally until the liquid does not 
yield a yellow precipitate upon the addition of KI (ab- 
Bence of Pb), It is then filtered slightly, acidulated 
with acetic acid, and crystallised; PbO,C^H,Oj+Zn=ZnO, 
C,Ha03"*+Pb. Should the crystals be coloured, re-dissolve 
and add Zinci carb. prxcip. until a portion evaporated 
yields colourless crystals. 

The use of the carbonate is to remove any iron. The aoetate 
may be rapidly and conveniently prepared by SBturnting acetic 
aeia, HO,C,H,0„ with the precipitated carbonate. It la often 
made extern poraneouslj by mixing in the same prescriptiou 
BoIutioDB of 2uO,SO,+7HO and PbO,C.H,0,+ 3HO. If equal 
■weights are employed, the latter salt will be elightly in excess. 
The presence of inaoluble sulphate of lead in this case must be 
borne In mind; it may be useful in gonorrhcea, etc., but highly 
improper in a coUyrium. ZnO,SOr|-PbO,C.H,O^ZiiO,C.nj3n. 
+ PbO,SO,. 

prop. — In colourless, efflorescent, hexagonal (Gth sys- 
tem) plates, very soluble in water, somewhat so in alcohol. 
Is only employed estcrnally ; is a mild astringent. la in- 
compatible with the mineral acids, the alkah'es, earths, 
their carbonates, and the vegetable astringents. 

339. Valerianate; Zind Valerianas, ZnO,C»IIeOj. 
Prep. — By double decomposition, of ■ Sodee Valerianat. 

giiss and Zinci Sulphat. gij gr ccccxXj each dissolved in 
f^xx Aquas DestiUai. and heated to the boiling-point be- 
fore admixture. ZnO,S03-|.NaO,C,oH,Os=ZnO,C,oHeOj"* 
-f NaO,SOir->. By evaporation, tie less soluble Zinci 
ft Valerianae crystallises out first, an4 the evaporation may 
I he continued until the liquid is but t'„ of the original bulk 

■ The crystals are washed with eold, distilled water, to re- 

■ move any KaO.SOj. 
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Prop. — In anhydrous, white, pearly scales, soluble ii 
parts cold water aud GO of alcohol of 0833, having a 
odour of valerianic acid, a metallic, styptic taste, and a 
slightly acid reaction. Used as an antispasmodic. Dose, 
gr i to ij in pill. Jncompalibles, those of the acetates. 

CADKIDM, Cd=56. 

340. Sources. — Cadmium occurs associated with zinc 
in its ores, and being more volatile comes over with the 
first portions of the vapour of that metal when it is difl- 
tilled. The two are dissolved in excess of HCI. HS is 
passed through the solution, which precipitates only the 
Cd as an orange-yellow sulphide, CdS. From this the 
carbonate is readily obtained, and from the latter the 
metal. 

Prop. — Much resembles tin, but is more volatile, tenar 
ciouB, and heavier; when bent or twisted, has a cry like 
tin; s. g. S't; melts at 440°, volatilises below a red heat, 
does not oiidise readily at ordinary temperatures. Forms 
a protoxide, CdO, which is a base forming colourless salts. 
The sulphide is used in pyrotechny, and the iodide (made 
by mixing I and Cd filings moistened) as a substitute for 
Pbl. The metal is officinal as Carfjniwm.— reei. NH^HS 
gives a yellow precipitate of CdS, insoluble in excess or 
ffO,HO or NH<0,HO, and thus distinguished from 
sulphide of arsenic, Ab,Ss. 

341. Sulphate, Cadmii Sulphas, CdO,SO,+ 4HO. 
Prep. — 5j Cadmii is acted upon by fgij Acid-Nitric. 

diluted with an equal bulk of distilled water, Cd,+ 4(;H0, 
NOs)=3(CdO,NOj)+4HO-|-NO,. To the nitrate thos 
formed is added giij Sodae Carb. dissolved in f^vi Aqu» 
DestiUat. CdO,NO(+NaO,CO,=.CdO,CO,+NaO,NOs_^ 
The precipitated carbonate is washed and treated with 
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Acid. Sulpk. gr ccccxx, diluted with f^iv Aquas Dentillat. 
CdO,C0,+HO,SO,=CdO,SO3+H0+COj, Thia appar- 
ently circuitous process ia rendered necessary by the fact 
that HOjSOa does not readily act on Cd, but rapidly de- 
composes its carbonate. 

Prop. — In colourless, efflorescent, obliqne rhomboidal 
prisma (5th syatem), freely soluble in water. Used ex- 
ternally as a lotion, gr ss to ij to sj Aquas; .or ointment, 
gr ij to §j, in ophthalmia and corneal specks. Is esteemed 
alterative, but is rarely used internally. 

BISMDTH, Bi=210. 

342. Sources. — Occurs native and aa oxide. 

Prop. — A brittle, crystalline, (rhombohedral, 6th sys- 
tem) metal, having a white colour with a reddish tinge, s. g. 
9-8, fuses at 507 and bums at a higher temperature, giving 
rise to yellow fumea, which on cooling become white BiO|. 

Ghem. JSei.— Forms BiOj, a feeble base, BiOj Bismuthio 
Acid, and BiO„ which is probably a compound oxide, 2BiO« 
=BiOj,Bi06. The chloride BiCIa may be made by direct 
combination, or by dissolving BiO, in 3HC!=BiCl3-l-3H:0. 
It is a deliquescent solid (butter of bismuth) decomposed 
by water into oxychloride and HCI ; a small quantity 
remains undecompoaed. SBiCl, -t- 6H0 = BiCl„SBiOs + 
6HC1_^. This precipitate, as well as the subnitrate, is sold 
aa peart powder and pearl while, and used as a cosmetic ; 
they both blacken by HS. The other importaut salts will 
be considered under the preparations. 

Alloys. — Bismuth and its alloys expand on cooling, and 
hence are adapted for taking casts. Fusible metal melts 
at 200° and contains 2 parts of Bi, one of Pb, and one of Sn ; 
by the addition of Cd and Hg, the fusing-point may be 
reduced still lower. Test. The salts of bismuth are de- 
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composed by aa escegs of water, and the precipitai 
formed blackened by HS. 

343. Nitrates; Bismuihi Subnitras, BiOa.NOs. 

Prep. — WhcQ Bi in powder ia acted upon by nitric aci 
it dissolves witb evolution of NO,. Bi+4CHO,N0s)= 
3X06+4HO+NO,. When crystallised, this normal nitrate 
of bismutb contains 9 eq. of water of crystallisation. On 
the addition ofwater a white precipitate falls, the niag^'ateri/ 
Qf bismuth, pearl powder, etc In this case the water acta 
aa a base and displaces a portion of BiOj, leaving a pre- 
cipitated Bubnitrate and an acid supernitrato, 4(BiOs,3NOi) 
=3(BiOs,N05) + Bi03,9NOsr The composition of tl 
precipitate is not constant. The commercial eubnitral 
frequently contains arsenic, and the new process, U. S. P.j 
ia designed to avoid this impurity, gij Bismvthi are 
submitted to the action of giv Acid. Mtric. dilated with 
giv Aquse Dealillatm for 24 hours. The resulting EiOo, 
3NOs is diluted with f Jx Aq. Dedillat., which is not 
enough to cause decomposition, but laerely a slight tnrbid- 
ness. The solution is filtered, and to it ia added a solution 
of Sodm Carb. gx dissolved in fsxx Aquee Desiillat. pre- 
viously filtered, and the whole stirred; the precipitate of 
carbonate of bismuth is thoroughly waahed, and to it is 
added g vi Acid. Nitric, and the whole heated nearly to the 
boiling-point, re-forming the nitrate; when cold, Aq. Des- 
iillat. ia added until it begins to produce milkiness. It ia 
then allowed to stand for 24 hours, and is filtered ; Oiv Aqux 
Dest. is added and then fjvj Aqux AmmoniBe with con- 
stant stirring. The precipitate is then washed and dried. 
The excess of NaO.CO, is used to retain any As, as arse- 
niate of soda; if any arseniate of bismuth be formed, it will 
be precipitated upon the addition of the small quantity of. 
water to the nitrate. The use of Nn,0,H;0 is 
completely precipitate the subnitrate. 
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IVop. — A heavy, while powder, of a feebly arid taste 
and reaction, insoluble in water even when carbonated. It 
Bhould give no trace of Ab in Marsh's apparatuB. See 
Absenio. 

Med. Effects. — Used in chronic affections of the stom- 
ach and bowels, as gastralgia and dlarrhcea ; externally, as 
a deaiccating application to burns and ulcers, and sus- 
pended in water as an injection in gonorrhtea and leucor- 
rhcea. Dose, gr v to xxx. 

344. Carbonate; Bismuthi Sulcarbonas, Bi03,C0ip 

Prep. — By preparing a normal nitrate with the pro- 
portions and precautions indicated in the last article, pre- 
cipitating with excess of ammonia, re-dissolving, as before, 
in dilute HO,NOj, and precipitating with carbonate of 
Boda in excess. 

Prop. — A white or yellowish- white, heavy powder, in- 
soluble in water or carbonic acid water, soluble in nitric 
acid with effervescence. Should give no inilieations of 
Aa with Marsh's test. Used in the same cases and doses 
as the Bubnitrate. 

LEAD, Pb=103'5. 
Syllahus. 

Oxide, PbO, Plumbt OxUlum., Litharge, Empla.ilram 
Plumbi. 

loDiDB, Pbl, Plumbi lodidum. 

Carbonate, Plumbi Carbonas, White lead, PbO.COj,or 
2lPbO,COi)-|-PbO,HO; Unguentum Plumbi Carbonaiis. 

NiTOATE, PbOiNOa, Flumbi Nitraa. Lcdoyen's solu- 
tion contains gr Ix to f.^j Aqvee. 

Acetates : Plumbi Acclan, Pb0,C3j0,i-f3H0 ; Liquor 
Plumbi St'haceUdis, Roulard's extract, aPbO.CjH^Oj; Liq. 
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Plumb. Subaoetat. dilulus f^iij to Oj Aquee, Lead water; 
Geralum Fhimbi Subacelaiis, Goulard's cerate. 

315. Sources.— The native sulphide, PbS (Galeno), and 
phosphate Pyromorpliiie, 8PbO,POs+PbC!, rarely the 
binoxide, PbO.^, carbonate, PbO,CO„ sulphate, PbO.SO* 
Obtained by roasting and reduction; the sulphide 
quently contains an important percentage of silver. 

Prop. — A soft, bluish-wbite, malleable, imperrectly 
tile metal, s. g. 11*45; melts at 620°, and becomea c( 
ered with a coating of oxide, mostly protoxide PbO, 
brittle just below its melting point ; soon taraishcs 
moist air, from the formation of suboxide PbjO ? In pare 
water, lead becomes coated with scales of oxide, which 
dissolve and are again precipitated aa insoluble oxycar- 
bonate ( Brande and Taylor). The presence of alkalies, the 
nitrates and chlorides, as well as of COj, increases the 
action of water upon lead ; it is diminished by carbonates, 
sulphates, and phosphates, espocialLy of lime, which form 
a coating on the inside of the pipe or vossel protecting it; 
3oa!F P^''* of CaO,S03 will produce this effect. As all 
ordinary river-water contains these salts, lead cannot 
generally be detected in hydrant water, but may be found 
in mineral loaier, and in situations where the solder of 
the lead may be acted upon by acid or alkaline waters. 
It is removed by filtration through animal charcoal, or 
agitation with enough powdered chalk to make a ]i(]uid of 
a creamy consistence. 

Chnm. Eel.— Forms Pb^O, suboxide; PbO, Pb.O,, and 
PbO„ puce or brown oxide — plumbic acid ; also minium or 
red lead, an intermediate oxide PbjO^, or 2PbO,PbOi. PbO 
is obtained by direct oxidation, by precipitation as a 
hydrate, or by heating its earbonatfl. It is a powerful 
base resembling in some respects the alkalies, in which 
it is soluble; it is also slightly soluble In water; it readily 



I 




CHEMIBTaT 01' THE ELEMENTS. 257 

unites with silica and the earths and metallic oxides, form- 
ing fusible, vitreous bodies. It enters into the composition 
of flint glass. By exposing PbO to a temijerature between 
510'' and 580°, it absorbs 0, and becomes of a brilliant 
red colour, forming minium or red lead, PbjOj. By the 
action of acids, this oxide yields proto-compounda, and 
PbOj is left ; the latter is a brown powder, readily giving 
up its O, by action of heat or acids, in the form of ozone. 
The chloride PbCl is soluble la 135 parts cold and 33 of 
boiling water, and insoluble in alcohol. Other compounds 
will be considered under the preparations. 

Tests. — IIS and NH,S,H8 give a black precipitate ; KI 
and KO,CrOj, a brilliant yellow ; HO.SOj, or the soluble 
sulphates, a white. 

Incompatibles. — The soluble chlorides, iodides, snl- 
phites; the sulphates, the alkalies and their carbonates; 
the vegetable astringents. 

Med.Effects. — The salts of lead are sedative and astrin- 
gent. In large doses, poisonous ; antidote, the soluble 
sulphates or dilute sulphuric acid. Persons engaged in 
manufactures of lead are liable to load colic and palsy. The 
best mode of prevention is frequent washing of the hands 
and body, and the use of a sulphuric acid lemonade. 
347. Oxide, Plumhi Oxidum, Litharge, Mas.sicot, PbO. 
Prep. — On the large scale, by exposing melted lead tn 
a current of air. 

Prop. — Small, brilliant, red or yellow vitrified scales, 
fusing at a red heat. Slightly soluble in water; saponi- 
Jiea with oils. Absorbs CO, by exposure to the air. Is 
readily dissolved in dilute HO.NOj. Is largely employed 
in the arts, in painting, etc. Is not used as medicine, but 
enters into other officinal compounds, as Emp. Pltimbi, 
lead plaster; which is made by boiling together Litharge 
gxxx, Olive Oil ,?lvi, and Watfir q, s. 
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348. Iodide, Plumbi lodidum, Pbl. 
Prep. — By double decomposition of Plumbi NUrai. 3il 

disaoived in Oisa Aquas Deslillal., and Potass. lodid. Jiv | 
in Aqv.ee DestiUat. Oss. The precipitate is washed and; 
dried as usual; PbO,NOi+KI=PbH-K0,NOs^ 

Prop. — A bright yellow, heavy, inodorous powder, 
fusilile and volatilised by heat, soluble in 1335 parts cold 
and 194 of boiling water. The boiling solution on cooling 
deposits the salt in brilliant golden-yellow scales. Is usedv J 
externally only, ia ointment. J 

349. Nitrate, Plumbi NUras, PbO.NOs- 1 
Prep. — By dissolving Litharge in dilute HO.NOj ; 

when crystallised, is in the form of white, nearly opaque, 
regular octohedra (1st system) ; soluble in water and alco- 
hol, and having a sweetish, astringent taste. 

Uses. — Is never used internally ; rarely externally, 
is employed as a deodoriser. Ledoyari's DiainfecHni^: I 
Solution contains gr Is to gj wat«r. It acts by absorbing ] 
H8, giving rise to PbS. 

350. Carbonate, Plumbi Carbonas, White lead, PbCCOtf! 
or 9(PbO,C0.)-t-PbO,H0. 

Prep. — On the large scale, by exposing metallic lead toJ 
the action of vapour of vinegar in a hot-bed. A subace- 4 
tat«, 3PbO,C,H30„ is formed, which becomes carbonate by J 
absorption of CO,, liberating the acetic acid, which actsj 
on a fresh portion of metallic lead. 

Pt'op. — Pine, white, heai'y, opaque, inodorous, nearly * 
tasteless, insoluble powder. Dissolves freely in acids, 
with evolution of COj. 

Med. affects. — Is highly poisonous; cases of acute poir 
soning are rare. The alkaline sulphates, generally e 
ployed as antidotes, are of tittle use; dilute HO,SOfc ■ 
Acid. Snlpk. Arom.^ with emetics and purgatives, shot 
be used. It is the Halt which most commonlv causes hi 
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. colic and palsy. It is used externally only, as a sedative 
I astringent. 

nnguerduni Pliimbi Carbonaiis. Prep. — By rubbing 
up 3ij Plumb. Garb, and Ung. Simp, ftj ; first softening 
the latter by heat 

351. Aoetatea. 

Ptumbi Acelas, Sugar of Lead, PbO,C.HsO,+ 3HO. 

Prep. — Is prepared, on the large scale, by the action of 
acetic acid on lead plates fre(iuently exposed to the air, 
or by dissolving litharge in the acid. 

Prop. — White crystala (4th system), of a Rweetisb, as- 
tringent taste, and slightly efflorescent. Soluble in 1^ parts 
cold water ; the solution is turbid, on account of the for- 
mation of carbonate, from the presence of carbonic acid in 
ordinary water. Is sedative and astringent. Dose, gr v. 
In overdose, a poison ; antidote, the soluble sulphates. 

Liqvor Plumbi Subacetatis, Qoulard's extract. 

Prep.~~l& made by boiling together, Plumbi Acetat. 
Jxvj, Plumb. Oxid. Semivil. pulv. nubHl. Sixss, and .^^. 
Deslill. Oiv, for half an hour ; adding water to keep 
up the quantity, and filtering. The s. g. of the solution 
B 1-267. In this case an additional quantity of PbO is 
given to the acetate, forming 3PbO,A (trisaeetate), or 
2PbO,A (diacetate). The liquid has a sweetish, astrin- 
gent taste, and absorbs CO, with great avidity, becoming 
turbid ; hence should be kept in well-etopped bottles ; it 
forms a dense white precipitate with a solution of gum. 

31ed. Effects. — Used only externally ; is more poisoo- 
ins than the acetate. Antidotes the same. 

Liquor Plumbi Suiacetalis Diluiue, Lead Water, 

Prep. — Is made by diluting the last preparation, fgijj 
to Oj. It i« turbid when first made, but if kept well- 

I Stopped, becomes dear, by tlie subsidence of the carliOTiate. 
Crraluni Plumbi Siibacelatit, Gimlnrd'^t cerates 
* 
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Frep. — 5i^ CerasAlhas is melted with Jvii Ol.Olivx; 
the mixture ia tben removed from its fire, and whcQ it 
begins to thicken, f^iias Liq. Plumb. S^aceUU. is stirred 
ia with a wooden spatula until it becomes cool ; to this ia 
added gr xxx Gamphorw dissolved in gj 01. 0H\ 
does not keep well. 
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853. Sources. — Tiie native oxide SnO, ; is obtained 
reduction. 

Prop. — A silvery whif«,malleable, slightly ductile metal 
fusible at 443"", volatile at a white heat, s. g. 1-28. It 
emits a peculiar odour when heated or rubbed; when bent, 
crackles, the cri/ of tin ; does not oxidise at ordinary tem- 
peratures, but when melted becomes first SnO, and finally 
SnOj. Burns in the flame of the compound blowpipe. 
Tin foil is usually adulterated largely with lead. Tin 
plate is iron coated with tin, which, being eleetro-negatira 
to tho former, causes rapid oxidation when the surface ia 
abraded (1G5). Tin ia not readily acted upon by chemical 
agents. 

Oliem. Bel. — Forma three oxides : SnO, a feeble base; 
SnjOs, unimportant; and SnOj, Stannic acid. SnO ia formed 
by direct oxidation (pully powder'), or as a hydrate by 
precipitation by the alkalies or their carbonates from the 
chloride SnCI ; the latter ia aoluble in dilute acida and 
in caustic potossa or aoda. SnOj, made by precipitation 
from SnCl,, by alkalies or their carbonates, forms salts with 
the alkaliea of which the stannate of soda, NaO,SnOi+ 
4H0, is used as a mordant (299), It is also soluble in 
acida. The stannic acid obtained by the action of dilute 
HO.NOs upon tin differs in some important respects from 
stannic acid obtained by prccijiitatioii ; it has been teriueii 



I 



CHKMISTKT OW THK KLEHSKTS. 

metaatannic acid ; its ealts are not cry stalli sable. Tin 
forma SdS, SiijSj, and SnS, ; the latter is known as aurum 
musivum, or mosaic gold ; it is only soluble ia Aqua Segia, 
and has n golden lustre; s. g. 4-5. Is used as a bronzing 
powder. The protochloride SnCl may be made by the 
action of HCl upon Sn ; it easily decomposes; is a power- 
ful reducing agent, used to remove ink spots, as a mordant, 
and as a teat for HgCl, from which it precipitates Hg in 
a finely divided state. SnClj, made by the action of Aqua 
Segia on tin, is a colourless, fuming liquid, used as a mor- 
dant. Testa. Corrosive sublimate, HgCl, gives with the 
protochloride a gray precipitate of metallic mercury ; chlo- 
ride of gold, AuCls, a rich purple ; the bichloride is precipi- 
tated of a dingy yellow colour by NH,S,H8, soluble in 
excess. The oxysalta of tin ore rarely met with. 

Med. EJfectg. — Powdered tin is used as an anthelmintic, 
and was formerly officinal as Pulvis Stanni. The chlo- 
rides are poisonous ; antidotes, albumen, milk, or flour paste. 



AESENIC, As=75. 

353. Sources. — This element is widely diffused, occur- 
ring generally combined with the sulphides of the metals, 
as those of iron, copper, nickel, cobalt, and zinc ; also as 
the native sulphides, Realgar, AsSa, and Orpiment, AsSj; 
it is present in many natural waters. When its ores are 
heated, arsenious acid, AsOa, is formed, from which the 
metal is readily obtained by redaction. 

Prop. — A steel-gray, brittle, crystalline rhombohedral 
(Bth system) metal, s. g. S-IS ; has a brilliant lustre when 
fVeshly broken, but speedily tarnishes and in moist air falls 
to a brownish powder (suboxide ?) ; it volatilises at 400° 
without fusion, unless under pressure ; the density of its 
vapour is 10390 ■, if air be present, white fumes of AsOj 
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are formed during its volatilisation, and it gndicky odot 
is exhaled. 

Chem. Eel. — Is more electro-negative than H, and forms 
a member of a natural group with N, P, and Sb ; does not 
form a baae with any of the ampbi gens, and is only placed 
among the metals on account of its metallic lustre, insolu- 
bility, and power of conducting electricity. With O it 
forms on undetermined suboxide, arsenious acid, AsOj, and 
arsenic acid, AsO;. Argenic acid is made by the action 
of HOjNOs on AsOa ; it is freely soluble in water ; of a 
ebarp, acid taste, highly poisonous, and gives a bricfc-red 
precipitate with ammonio-nitrate of silver. Like PO5, it 
is tribasic (2CuO,IIO,AaOs, areeniate of copper), but no 
compounds corresponding to the pyro and mcta-pbosphatea 
are known. It is largely employed in tbe manufacture of 
aniline colours and in preserving skins of animals. With 
H, As forms three compounds corresponding to Pill, PH^ 
and PHj ; the latter, AsHj, arsenetted hydrogen, is formed 
by the union of ita constituents in tbe nascent state (143). 
It is a colourless gas of a highly offensive odour ; very 
poisonous ; s. g. 2G95 ; liquid at — 40° ; is decomposed into 
ita constituents at a red heat. 

AsH, is probably the moat poiBonous aubatanoe known ; deatk 
has oocQtred from the iahalatioD of a quantity which must have 
been ic appreciable to the balance. There is no direct antidote; 
the inhalation of chlorine would probably be of service. 

"With S, As forms AsSj, Bealgar, a red solid, and Orpi- 
ment, AsSj, King's yellow, Sulpharsenious acid ; both ant 
used as paints and in fireworks; they are sulphur acids. 
AsSb, Sulpharaenic acid, ie also known. With CI, As 
forms the volatile AsCIa, which below 270° is liquid, but 
is not known as a solid ; it is sometimes used 
AsClj is unknown ; Aslj is the officinal iodide. 
metal is officinal as Arsenicum. 
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Med. Effects. — The preparations of Ab are tonic, anti- 
periodic, antispasmodic, and alterative. 

354. Oxide, Acidvm Arseniosum, AaOg, White Arsenic, 
Arsenic, Rats-bane. Sublimed Arsenious Acid, in masses, 
U. S. P. It is obtained, on the large scale, by roasting 
the ores which conttun the metal ; after which it ie purl- 
fled by sublimation. 

Prop. — Is found in two distinct varieties ; 1. The trans- 
parent or vitreous variety is an amorphous, colourless 
glass ; 8. g. 3-2 to 8-8. Is more soluble than the opaque 
variety, into which it gradually passes upon exposure to 
the air. 2. The opaque variety crystallises ia regular oc- 
tohedra (Ist system), or very rarely in right rhombic 
prisms (3d system), of a milk-white colour, slightly heavier 
than the transparent, into which it passes by long boiling. 
Arsenious acid is tasteless and inodorous ; it dissolves spar- 
ingly in cold water, 1 part dissolving in from 50 to 480 
parts of water. In boiling water, both varieties are equally 
aoluble, 1 part dissolving in from 7'72 to 24 parts. The 
boiling solution deposits the greater part upon cooling, but 
retains more than if the acid were simply added to cold 
water — about 1 in 30, The solution is tastekss. The 
solid acid sublimes at 425°, giving no garlicliy odour, un- 
less in the presence of reducing agents ; it condenses on a 
cold surface, in crystals. 

Adidleralions. — When in powder, arsenious acid may 
be adulterated with challc or flour. It should be entirely 
sublimed by heat. 

Med. Effects. — Those of the pjreparations. of arsenic 
generally. Dose, gr y'g to y'j, in pill or solution. Exter- 
nally, a powerful escharotio ; there is danger of its absorp- 
tion when thus used. 

Toxicological Effects. — Depend upon the quantity; in 
large doses, the symptoms are those due to a violent irri- 
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tant, ana vary in difierout cases, the nervous sj-atem 
often affected; they appear in from one minute to ten houra; 
death ensues, in fatal cases, in from 2^ hours to 3 days ; 
the minimum quantity necessary to destroy life at a single 
dose is two grains ; cases have recovered after taking an 
ounce. PoBt-mort«m examination reveals inflammation, 
ulceration, and gangrene of the stomach and intestines. 
In small doses long continued, or after large doses from 
which death has not resulted, there is irritation and itch- 
ing of the eyes and eyelids; conjunctivitis, cBdema, irrita- 
bility of the stomach, eczematous eruption, desquamation 
of the cuticle, loss of the hair, emaciation, salivation, and 
paralysis. The symptoms have been mistaken for those 
of cholera, perforation of the intestine, gastritis, etc. 

It Id now a vrell-establislied fact tliat there exists in Stvria a 
iss of araenic-ealers who consums araenioui acid regularly and 
quantities u^aall; considered sufficient to produce death. "' 
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is known as Hidrach. 
which ft man of 30 yoara of ago a 
and on the next day 5Ji arsenic 
ill effects wore perceived.* 

Antidotes. — 1. Hydrated Sesquioxido of Iron fFerric 
hydrate) ; it should be freshly precipitated and freely given, 
a tablespoonful of the magma every 6 or 10 minutes, until 
the urgent symptoms are relieved ; it acts, by giving a por- 
tion of to the arsenioos acid, converting it into Arsenic 
A., which forms an insoluble basic compound with the 
protoxide of iron, 2Pe,0,+ABO;=4FeO,AsO^ 

3. In the absence of this, Ferri Subcarb. may be given, 
but is often inert, from having been overheated. 

3. Magnesia, recently precipitated, or recently and not 
too highly calcined, has been found efBcient. 

355. Tests. — (a) "When solid. 1. Heat to redness in ft 
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glaas tube, closed at one end, with fragments of charcoal, 
or powdered and dried, KXfj-; the AsO, is reduced, the 
metallic arsenic Bublimed, and forms the arsenical mirror 
or ring in the tube at some distance from the Same. By 
breaking the tube, and allowing free access of air, the 
metal ia oxidised again into AsOj, and may be submitted 
to other teats; the octohcdral crystals of AsOj may be 
seen in the second sublimate; the mirror must be distin- 
guished fi'om tbat produced by antimony, which is always 
deposited just beyond the red-hot part of the tube (see 
Teat 6). 

2. Arsenioas Acid thrown upon live coals or other 
reducing agents, exhales a peculiar garlicky odour, which 
is not perceived when it is sublimed from a clean surface; 
it IS probably due to the formation of suboside. 

(6) In solution. 3. Ammonio-\itrate of Silver gives a 
rich yellow precipitate of arsenite of silver, 2AgO,ABO], 
soluble in excess of ammonia, and in nitric, tartaric, acetic, 
and citric acid, but not in caustic potasea or soda; a solu- 
tion of an alkaline phosphate precipitates yellow with 
nitrate of silver, and a dilute solution of phosphoric acid 
with the ammonio-nitrate. These are discriminated by 
the application of the other tests. 

4. Ammonio-Sulphate of Copper gives a brilliant yel- 
lowish-green precipitate of arsenite of copper (Scheete'a 
Green, 2CuO,AbOb), soluble in acids and in excess of am- 
monia, but not in potassa or soda ; acetic and malic acids 
give also green precipitates with the ammonio-aulphate 
of copper, as do certain complex organic mixtures 
(Taylor). 

5. Hydrosulpburic Acid, HS, gives a golden-yellow 
precipitate (orpiment, AsSa), soluble in alkalies; the solu- 
tion should be therefore slightly acidulated by acetic 

K acid before trial ; other metals (antimony, tin, uranium) 

■L 



bf a» btbariogr vhfc adMr taett. 

C Jfanb^ T«rt. Add the evqKcted fiqnd to pwv 
Sfac, aai dSvl» BO.SO,; ■ ItUfe dnAol is os^d to 
cbeA bvUiiiig. AnKoetled bidiugiM (AaH.) w £caa<- 
■Icd, «4Mi Bt^ be bmra (7 itB odo^, its Tidetcoloanil 
•ane, sad bj the mfttlFM- etam dquaied i^aa ■ cold, 
vlple mfMe ; or tte gas n^ be passed ttfOP Eh a Imtg 
tabe dfawa oat, htsttd at ite featre; tbenetd J efmeito 
a* fa Ibe ndaicbaB test, and but be fartber cxuafaed; or 
tbe gas BUT be passed isto a Gotntioa of AgO,?fO^ 
neUllic eOver preeijntatea aod AsOh-HO^Oj remain; 
«(AgO.\'0.)4-AsH,+3HO = Ag,+ AEO»„ and 6(H0. 
NOt)^ The ittmoEt care is necessair to arcnd inluliiig 
the gae. It may be absorbd hj a eolntioa of nitrate of 
ailver, or bj faming nitric acid. 

Antimonetted Hj-drt^en, SbHjT, givea amilar spots 
fhiin the redaction of the meta]; tbe^ mar be dis- 
tingviebed, 1. Bj nitric acid, ichich conrerts the metallic 
arsenic into AeOi, wbich is eoluble and gi\ts a brick-red 
precipitate with ammonio-nitrate or gilrer, while antimonr 
is converted into insoluble antimonic acid. 2. The spot 
is heated to 500° bv an oil-bath ; if arEenic, it disappears ; 
if antimODT, it remaJDB. 3. Hvpochlorite of Soda dis- 
solves areenical epots, bat does not affect those of an^ 
mony. 4. Tincture of Iodine instantly dissolves arseiuc 
spotB, leaving, on sponf aneons evaporation, a lemon-vellow 
spot Antimony is not immediately altered on evapora- 
tion; IB converted after a time into orange-coloured iodide. 
5. Vapour of Phosphorous Acid (POJ caases the dis- 
appearance of As spots in 4 or 5 hours ; Sb spots remain 
a fortnight, but finally disappear. 

7. Reinsch's Test. A bright slip of copper, or fine cop- 
per g»Dze, is boiled in the suspected Eolution, previouslr 
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acidulated with HCl ; the metal precipitates upon the coj^ 
per, forrain^ an alloy, from which it may be volatilised 
and submitted to other teats; this process has these 
advantages : 1. It will act ia the presence of orj^anic mat- 
ter ; 2. It gives the metaJ in condition to be submitted to 
all the other teats. The rea^tiou is prevented for a time 
by the presence of a nitrate or a chlorate. 

Appreciation of these Tests. — No single test is to be 
relied upon, and, wherever practicable, all should be 
applied. The relative delicacy of the tests is given by 
Depergie as follows: Ammonio-sulphate of copper, 5,200; 
Sulphuretted hydrogen, 209,000 ;Ammonio-nitrate of silver, 
400,000. By the latter, the jj'gg to the y^ino of a grain 
may be rendered evident, if dissolved in but a drop or two 
of water; in one fluid-drachm of water, it detected the 
713 of a grain. Marsh's Test will detect, according to 
Danger and FJandin, the annionn P'^'"'' "^ *^^ liquid ex- 
amined ; according to Signoret, the nanoDonnn- ^'il'ain 
states that one grain will give, on an average, 226 metallic 
deposits, of an average diameter of j'^ of an inch, or will 
detect about the jiaoir "'^ ^ grain. Eeinsch's Test will 
detect, when the arsenic forms the goooo "^ ^^^ liquid, or 
tl^e 35'do of a grain (Taylor), 

Remarks, — The wide diffusion of As, which ia often found in 
commercial zinc, sulphuric aciii, muriatic acid, and copper, ren- 
derB it necessary that the reogetits shduld bo thomselTes carefully 
tested before uaing. Organic mailer renders the liquid teste 
almost valuoIesR, and causes so much frothing in Marsh's appa- 
ratus a« to eerlouelj interfere with its use. The best process 
for its separation is that of Taylor. The dried suspected matter 
is mixed with pare dilute UCl and distilled tn dryness into a 
cooled receiver containing; distilled water, and if necessary re- 
distilled. The distillate cunt4iins AsClg and free HCl ; it ma^ be 
diluted, and, by Marsh's or Reiusch's test, the As obtained m a 
ooDvenieut form for further investigation. AsOg may be sepsr 
rated from the contents of a stomach by dialysis; (he organ 
itself serving as a dialyser (128). It is important to estimate the 
guan/ify present, as Brsenie is given medicinally, and is some- 
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times found in pnper, candlea, potable wstera, etc. This is best 
done bj precipittLting a giTea portion of the suBpectad liquid by 
HS, rediBsolvinK la HCl, iiad reprecipitaticg, washing, drying, 
and weighing 124 grains of As^lOO grains AbO,. It is a re- 
markable fact that there exista n compound freelj Holuble in 
water, which oootaina over 50 p. c. of arsenic, jet which is not 
poisoDoaa, Kakodyuc Acid, (C,U,A8)0,,H0.) 

Arsenitea. 

36G. Liquor Potaasas Arsenilis, Fowler's solution. 

Prep. — Boil in f^xii Aqux Deslillal. gr Ixiv each of 
Acid, arsenios. in small pieces, and Polass. bicarb, until 
the former is entirely dissolved; then add f^sa Spiril. 
Lavand. Co. and Aquse Deslillat. q. s. to make Oj. The 
solution probably coutains SKO,AsO,. The Spirit of 
lavender is added to give colour and taste, but decom- 
poses and gives rise to a sediment ; hence when in care- 
ful hands it may be replaced by an equal quantity of dis- 
tilled water. The solution is then without colour and 
almost tasteless, its reaction is alkaline. Fowler's solu- 
tion is the preparation of arsenic most usually prescribed; 
it contains gr iv Potasste Arsenitis to f^j. Dose, gtt v to 
XX. Antidote, the ferric salts; the ferric hydrate is useless. 
Arseniles of Copper. Scheele's green, 2CuO,AsO,, and 
Schweinfurth or emerald green ; Acoto-arsenite of Copper; 
2Cu0,A803+Cu0,C«H,0a. These two compounds are 
largely used in the arts on account of their brilliant colour; 
wall-paper, artificial flowers and wreaths are coloured 
with the latter ; the former has even been used in colour^ 
ing toys and confectionery. Cases of death from their 
use in this way are recorded. The following is a simple 
t«8t : Immerse the paper or other body in solution of am- 
monia, a deep blue liquid will be formed ; pour a portion 
of this upon some crystals of AgO,NOs in a porcelain 
capsule, the presence of AsOj will be indicated by a yel- 
low tinge on their surface. Or the paint may be scraped 
olT and submitted to the reduction tent. 
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35T. Iodide of Arsenic, Areenici lodidum, Asl^ Is 
made by gently beating together gr Ix of powdered metal- 
lic Arsenic and gr ccc of Iodine. It is an orange-red, crys- 
talline solid, insoluble in water, and wioUy volatilised by 
licat. Its only use is in the preparation of Donovan's 
solution. Liq. Arsenici el Bydrargyri lodidi (Sfil). 



ANTIMONT, Sb=123. 

358, Sources. — The native sulphide SbSj; is obtained 
by roasting and redaction. 

Prop. — A brittle metal, s. g. 6-8, crystallising in rhom- 
bohedra (6th system), fusing at 1150°, and volatile at a 
white heat ; burns with a brilliant white flame, forming 
SbOs- Does not oxidise in the air ; is attacked and dis- 
solved by hot HCl and cold Aqua regia; nitric acid 
oxidises it to antimonic arid, 4HO,SbOs, which is insoluble 
n that menstruum. 

Ghr.m. Rel. — Resembles As in most of its compounds. 
Its oxides are ; SbO,, a feeble base, forming salts with Tar- 
taric acid ojily ; SbOj, antimonic acid ; and an intermediate 
oxide, SbO., or SbOa,SbOs. With H, it forms SbH,, re- 
sembling closely AsHs, which, when passed into a solution 
of AgO.NOj, throws down solid antimonide of silver, Ag, 
Sb; SbHa-|-3CAgO,NOi)=AgSbj-|-3(HO,NO0-, Forms 
two sulphides, SbSj and SbSj, which are soluble in alkaline 
solutions. The terchloride SbCl, and pentachioridc SbClj 
re decomposed by excess oF water. 

TeBts. — Its few solnble compounds give an orange-red 
precipitate with IIS, soluble in HCl, which solution is de- 
composed by water, affording a white precipitate of osy- 
fhloride, 2SbOa,SbCla-|- HO, which is coloured orange by 
\H,S,HR, It mav uIpo iie ^iihmlticd to Marsh's and 
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Reinsch's tests, art<-r tlie manner of arsenic. In the for- 
mor cose, a portion of metallic antimony is precipitated 
by llie zinc in tlie form of a black powder ; in the latter, 
the Sh may be disfiolved from tlie copper by boiling KO. 
■ no, the solution acidulated by Tartaric acid, and the char- 
acteristic reactions obtained. In caaes of poisoning it 
may, if absent from the stomach, be detected sometimes 
in the urine and tissnea. 

359. Oxide, Antimonii Oxidum, SbOj. 

Prep. — Atilimonii Sttlphuret. (SbSj) in fine powder Z'w 
ia dissolved by the aid of heat in "^s-nu of Add. Murial.; 
HS is evolfcd; SbSj + 3HCl=ShCli*+ SHS'. To the 
chloride thus formed, 3j gr cxx Acid. Nitric, ia added, to 
decompose any remaining HS. It is then diluted with Oas 
Aqtite and filtered. This quantity of water is insufBcieot to 
cause decompoaition. The filtrate is then thrown into Oxii 
Aqua and stirred, the precipitate allowed to subside, strained 
and washed. It ia the oxychloride Powder of Algaroth, 
2SbO„SbCl3+ HO. This is treated for two hours with f giss 
Aqux Ammoniee, which converts the terchloride into ter- 
oxide. This is washed with distilled water until the wash- 
ings no longer give a precipitate with AgO,NOt (absence 
of SbCl, or of NH.C1), 

Prop. — A grayisb-white powder, inaoluble in EC, solu- 
ble in HCl and Tartaric acid, 2H0,CaH,O„. It fuses at a 
dull red heat, forming a yellowish liquid, which concretes 
on cooling into a pearl-coloured crystalline mass. Ila 
solution in Tartaric acid should give no precipitate with 
AgO,NOj (absence of eblorides), or K,Cfy (absence of iron, 
copper, etc.). Is used in the preparation of Tartar emetic. 

360. Sulphides, ^rtKmonu Sulphwetitm., SbS,; Native 
Tersulphuret (tersulphide) of Antimony, purified by fusion. 
V. S. P. 

Prop. A niolaJlic-looJaiig, Mteel-gi-ay. filirnUH. brittle. 
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fusible substance ; soluble in HCl with evolution of HS, 
and in alkalies and their carbonates. The orange-red pre- 
cipitate obtained by the action of HS upon a solution of 
SbOj has the same constitution, but is probably amorphous. 
The teraulpbide is rarely, if ever, employed in medicine. - 

Jniimonii Oxysulphuretum, Kermes mineral. 

Prep. — DisBolve gxxiii Sodte carb. in Oxvi Aquas 
biillienlis; to this add 5j Antimonii Sulpkurel., pulo. 
ei^tillis., and boi! for an hour; filter quickly into a warm 
earthen vessel, which allow to cool slowly ; at the end of 
24 hours drain the precipitate anil wash it with cold, boiled 
water ; dry without the aid of beat. The reaction here is 
somewhat obscure. SbS,, boiled with NaO,COz, forms some 
NaS and SbOj ; the former dissolves a fresh portion of 
SbSa, and the latter is dissolved by the remaining NaO,COf 
When the liquid eools, the teraulphide SbS„ and teroxide 
SbO, precipitate together, forming the Kermes mineral. 

Prop. — A purplish-brown, tasteless powder, soft and 
velvety to the touch, freely soluble in HCl with evolution 
of HS ; partially (SbSa) soluble in hot KO.HO, leaving 
a residue (SbOj) soluble in Tartaric acid, la aometimes 
used as a nauseant and diaphoretic and alterative. Dose, 
gr j to X. 

Antimonmm Sulphuratum, Precipitated Sulphuret (Sul- 
phide) of Antimony, 

Prep. — By dissolving Jvi Aniiin. Sulphuret. pulu. 
sitbHlUa. in Oiv Liquor Potasgse, adding Aqux Destillat. 
q. 8. during the boiling (2 hours) to keep up the measure; 
the hot liquid is rapidly strained through a double mus- 
lin strainer, and, while yet hot, Acid. Sutpk. dilut. is 
gradually dropped in as long as a precipitate falls This 
i washed with hot water. The product is a variable 
mixture of Kermes mineral with pentasulphide of anti- 
mony, RbR„ (Svlphvr aurolim. Golden sulphur). 
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ReiDsch's testa, after the manner of arsenic. In the for- 
mer case, a portion of metallic antimony is precipitated 
by the zinc in the form of a black powder; in the latter, 
the Sb may be dissolved from the copper by boiling KO, 
no, the solution acidulated by Tartaric acid, and the char- 
acteristic reactions obtained. In cases of poisoning it 
may, if absent from the stomach, be detected sometimes 
in the urine and tissues. 

359. Oxide, Anlimonii O^idum, SbOa- 

Frep. — Antimonii Sulpkuret. (SbSa) in fine powder ^iv 
is dissolved by the aid of beat in gxviii of Acid. Muriat. ; 
HS is evolved; SbS,-|-3HCl=SbCir*-l- 3HS\ To the 
chloride thus formed, %] gr cxx Acid. Nitric, is added, to 
decompose any remaining HS. It is then diluted with Osa 
Aipix and filtered. This quantity of water is insufficient to 
cause decomposition. The filtrate is then thrown into Osii 
.^^uaeand stirred, the precipitate allowed to subside, strained 
and washed. It is tLe o^jcUonAc Powder of Algarolk, 
2SbO„SbCla-f-HO. This is treated for two hours with f|is8 
AquBe Ammonite, which converts the terchloride into ter- 
oxide. This is washed with distilled water until the wash- 
ings no longer give a precipitate with AgO.NO, {absence 
of SbClaorof NH,C1). 

Prop. — A grayish-white powder, insoluble in HO, solu- 
ble in nCl and Tartaric acid, 2H0,CbH.O,„. It fuses at a 
dull red heat, forming a yellowish liquid, which concretes 
on cooling into a pearl-coloured crystalline mass. Us 
solution in Tartaric acid should give no precipitate with 
AgO.NOs (absence of chlorides), or KjCfy (absence of iron, 
copper, etc.). Is used in the preparation of Tartar emetic. 

SGO. SulpMdes, Antimonii Sulphuretum, SbS,; Native 
Tersulphuret (tersulphide) of Antimony, purified by fusion. 

r. s. p. 

Prop. — .\ metnllic-Iookiiig. steel-gray, fibrous, brittle. 
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^Bible Bnbataace ; soluble in HGl with evolution of HS, 
and in alkalies and their carbonates. The orange-red pre- 
cipitate obtained by the actioa of HS upon a solution of 
SbOj has the same constitution, but iB probably amorphous. 
The tersulphide is rarely, if ever, employed in medicine, - 

Anlimonii Oxysulphuretum, Kermes mineral. 

Prep. — Dissolve 3xxi'i Sodfe curb, in Oxvi Aquie 
bullieniin: to this add 3j Antimonii SulphitreL, pulo. 
enblillie., and boil for an hour ; filter quickly into a warm 
earthen vessel, which allow to cool slowly ; at the end of 
24 hours drain the precipitate and wash it with cold, boiled 
water ; dry without the aid of heat. The reaction here is 
somewhat obscure. SbSj, boiled with NaOjCOj, forms some 
NaS and SbOa ; the former dissolves a fresh portion of 
ShSj, and the latter ia dissolved by the remaining NaO,CO^ 
When the liquid cools, the tersulphide SbSa, and teroxide 
SbO, precipitate together, forming the Kermes mineral. 

Prop. — A purplish-brown, tasteless powder, soft and 
velvety to the touch, freely soluble in HCl with evolution 
of HS; partially (SbSj) soluble in hot KO.HO, leaving 
a residue (SbOj) soluble in Tartaric acid. Is sometimes 
used as a nauseant and diaphoretic and alterative. Dose, 
gr jtox. 

Aniimonium Sulpkuratum, Precipitated Sdphuret (Sul- 
phide) of Antimony. 

Prep. — By dissolving Jvi Antim. Sulphuret. pule. 
BHbliUin. in Oiv Liquor PotassfB, adding Aqux Deslillat. 
q. s. during the boiling (2 hours) to keep up the measure; 
the hot liquid is rapidly strained through a double mus- 
lin strainer, and, while yet hot. Acid. Sutph dilul. is 
gradually dropped in as long as a precipitate falls This 
is washed with hot water. The product is a variable 
mixture of Kormes mineral with pent a sulphide of anti- 
mony, SbS„ (PSvlphiir auraltm, Golden sulphur i 
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CVANtDB: Hydrargyri Cytnidum, HgCv, FolminBli^ i 
SllgiOpCyjO,, Popcus3ion powder. 

NlTEATEs: 

Liquor ITylrargi/ri Nitratis, IlgO.XOs, with exce^ of j 
HO,NO.. 

Unguentum ffydrargyri NilraliB, Citrine ointment. 

Stii'.PUATSs: Hg,0,SO,; HgO.SO^ 

Subsvlpkaie, Hydrargyri Sutphas Jlaua, 3HgO,SO* 
Turpoth mineral. 

3S3. Sources. — The native sulphide Cinnabar, from 
which it is obtained by diBtilliog with lime or iron filings. 

Prop. — When pure, is a brilliant, silvery liquid, with- 
out taate or Bmell ; s. g. 13-6 ; when finely divided, as in 
blue mans or pfccipitated niGrcury, is grayish and dnll. At 
common temperatures, is unchanged in the air ; heated 
above 600°, it elowly absorbs O, and becomes converted in 
red, HgO ; at a higher heat, this is again resolved into Hg 
and 0. It boils at 662°, and freezes at — 39°, shrinfeing, 
and forming a lead-like solid. Commercial mercury con- 
tains other metals, as lead, tin, bismuth; it then tarnishes, 
and the globules are imperfect, having tails. It may be 
partially purified by the action of dilute HO.NOs, Fe,Clj, 
or HgCi, or by distillation. When required absolutely 
pure, it must be distilled from the sulphide. 

Chcm. Rel. — Mercury forma alloys with the metals gen- 
erally termed amalgams. That with tin is used for coat- 
ing looking-glasses ; those with silver and gold, for fire- 
gilding and plating. It is also used to obtain the tatter 
metals from their crushed vialrices when they are in too 
small quantity to be separated by washing. It forms two 
sets of binary compounds, one containing two eq. of Hg to 
one of an electro-negative element ; the other, one eq. of 
each. The latter proto-compounds are more energetic in 
their effects, and of brighter colour, than the former, The 
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dioxide, Hg^O (black or gray oxide), ia obtained by pre- 
cipitating calomel with lime water (3ij to Oj, forming the 
black wash), Hg,Cl + CaO,HO= Hg,0, + CaCU-1- HO,. 
It forms a series of unimportant salts. It is no longer 
officinal. The protoxide (red oxide), HgO, Hydrarffyri 
oxidum rubruvi, also forma a series of salts more stable 
than the former. The disulphide, black aniphide, ^Ihiop's 
mineral, is made by rubbing together Hg and S, and ia a 
black, nearly inert powder of uncertain constitution ; it 
generally contains an excess of sulphur. It is no longer 
oEEcinal. The other compounds of mercury will be con- 
sidered under the head of its preparations. 

Tbe equivalent of Ilg was formerly imsunied as 200; it bas lat- 
terly been haired. If we combiue 200 grains of mercury with 
126-5 grains of iodine, we get the green iodide ; 100 grains of 
the metal with the same of I, gives tne red iodide. If Hg be as- 
sumed aa 100, the former will be Hg,!, and the latter Hgl ; if 
at 200, the fonner will be Hgl, and tbe latter (doubled) Hgl,. 
The change of tbe equivalent only changes the nomenclature of 
the compounds ; it cannot affect their character or leactiouH. 
As the U. 8. Pharmacop<cia does not use the chemical names of 
the preparations of mercury, but distinguishes them by some phys- 
ical property, if the officinal titles are always used, no mistakes 

Med. Effects. — Purgative, alterative, etc. Workmen 
exposed to its vapours, and persons using its preparations 
for a long time, become salivated, and are afQicted with 
tremors and canes. Iodide of potassium converts it into 
B. compound soluble in excess of KI, which may after a 
time be eliminated with the secretions. For its effects in 
poisonous doses, see Coekosive Sublimate. 

364. As Metal. — (a) Hydrargyrum. 

(b) Pilule Eydrargyri, Blue Pills. 

Prep. — By rubbing gj Hydrarg. with g iaa Confect. Rosm 
until the globules disappear, and adding gss Pulu. Glycyr- 
rhizse to moke a mass to be divided into 480 (3 gr) pilla. 
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Is geaerally made on the large scale, and rarelj conti 
the full propoTition of 33| fu c. of mercury. 

(c) Unguentum Hydrargyri, Blue ointment. 
Frep- — By rubbing ^xxivSi/drorj. with Sxii Seeui 

q. E. Adipis until the globules are estinguished, and 
adding the remainder of gxii Adipis. Is generally 
pared on the large Bcale. 

(d) ETnplaslrum Hydrargyri. 
Prep. — By rubbing Mydrarg. (^vi) with equal parts 

(3y) 01. Qlivee and Resinx, previously melted together 
and cooled, until the globules disappear, and adding these 
to (Jsii) Emp. Plumbi, previously melted, and 
Mercury is also employed in the 

(e) Emplanl. Ammoniaci cum Hydrargyro. 

(f) Hydrargyrum cuvi Greld. 
Frep. — By rubbing (3iij) Eydrarg. with (|v) Crelx 

Prceparatee until theglobales disappear. It combioes the 
antacid effects of the chalk with the alterative powers of 
the mercury. There is too little chalk to be of much ser- 
vice ; more may be added at the time of prescribing. 
When long kept, the mercury oxidises. 

365. Oxide, HgO; Hydrargyri Oxidum Subrum, Bed 
Precipitate. 

Prep. — By heating HgO.XOs until red fumes (NOO 
cease to arise. Also by heating mercury to near its. boil- 
ing-point (prfl;cij)i(aiuwij!)erge of the older cbemistB), and 
as yellow hydrat« by adding HgCi to lime water, HgCJ+ 
CaO,HO=HgO,IIO + CaCI-*. In the proportion of gr 
ssx to Oj, this forms the yellow wash. 

Prop. — Brilliant red scales soluble in 7000 parta water, 
entirely dissolved by HCI, and decomposed and dissipated 
by heat. It is not employed internally. 

Ung. Bydrargyri Oxidi Rubri. — R. Hydrarg. oxid. rub. 
gr ssx, Ung. Adipis 2j. M. Fl. ung. Used as a stimulant 
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application. The precipitated oxide is preferable for 
making this preparation on account of its being amor- 
phous, and iu fine powder, 

Snlpltide, Hydrargyri Sulphuretum Subrum, Cinnabar, 
Vermilion, HgS. 

Prep. — Melt |viii Sutphuris! add to it, with constant 
stirring, 3^1 Bydrarg. ; continue the heat until the mass 
hegins to swell, coVer the vessel and allow it to cool; thea 
powder and sublime. 

Prop. — In heavy, brilliant red, fibrous masses, insoluble 
in acids except Aqua regia. la entirely volatilised by 
heat, is used In fumigations; largely in the arts as a 
pigment. ' ' ' 

366. Chlorides. 

The two most important, GaJomel HgjCl, dichioride, and 
Corrosive Sulitimale HgCl, protochloride, are conveniently 
considered together as far as their manufacture is concerned. 
Corroxive Subliinoie is prepared as follows: gsxiv ffy- 
drarg. are boiled with Jxxxvi Acid. Sulphuric, Hg+2H0, 
SOj=HgO,SOi,-i-SOj+. The sulphate of the protoxide 
thus formed is a white powder decomposed by water; it is 
mixed with ^xviii SodiiChlorid. and sublimed, irgO,SOa+ 
lfaCl=Nab,SO,+ HgCl*; the former remains, the latter 
condenses in the heatjof the alembic. In malting Calomel, . 
the HgO.SOj is nibhfed with an additional equivalent Jxxiv 
Bydrarg., forming Hg]0,SO,, sulphate of the dioxide. 
This is sublimed as before, HgjO,SO,-|-NaCl=NaO,SO, 
+HgjCl'. It is carefully washed with boiling water until 
the washings give no precipitate with Aqua Ammoniae 
(absence of HgCl). Thesfe compounds are generally made, 
on the large scale. 

(o) Hydrargyri Chloridum mite ; Calomel. — 19 a white, 
or pale-buff powder, insoluble in water, alcohol, and ether, 
U 



2T8 liKbtcAi, CffisiKrtMiTt'.' 

entirely volatiliaed by beat; e. g. T'2- Is not poisonous in 
large doses. 

Incompatibles. — Alkalies, alkaline earths, their carbon- 
ates, soap, nitromuriatic acid, the chlorides ?, bj-drocyanic 

ij>) Hydrargyri Chloridum corrosivum; Corrosive Snb- 
llmate, HgCl. — Is ia colourless, transparent crystals (3d 
system), or white, semi-transparent, crystalline masses; 
s. g. 5'2; permanent ia the air. It is inodorous, of an 
acrid, persistent, metallic taste; melts and volatilises 
readily, with dense, acrid fames ; soluble in 20 parts cold 
and 3 boiling water, in alcohol and ether; also, without 
change, in sulphuric, muriatic, and nitric acids; muriate 
of ammonia, aod commoa salt, render it more soluble in 
water. It retards putrefaction by coagulating albumen 
and fibrin. Should dissolve wholly in ether, and be wholly 
volatilised by heat. Dose, gr J^ to j'j. 

Jncompatible». — jtlkalies, alkaline earths, their carbon- 
ates, soap, iodides, sulphides, tartar emetic, nitrate of 
silver, acetates of lead, and many metals, vegetable astrin- 
gents, albumen, fibrin, gluten. 

Toxicological Effects. — In overdose, gr iii to v, a cor- 
rosive poison; recovery has taken place after an ounce 
had been swallowed. Antidotes: Albumen (white of egg, 
blood), fibrin, gluten (flour), milk, with free evacuation of 
the stomach; Quevennes iron or iron filings wrapped in 
gold leaf. Tests- (1) When in powder, KI produces a bright 
scarlet colour, NH.S,HS a black; NH.O does not alter it 
(2) In Boltdion, KI a yellow precipitate, changing to scarlet, 
NHjO a while, and SnCl a gray (precipitated mercary). 
A bright slip of copper immersed becomes silvery from the 
deposition of Hg, which may be afterwards sublimed in 
characteristic globules. (3) In organic mixlurea, HgCl is 
soluble in ether, and can thus often be extracted along 
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with fatty matters, which are separated by water; it may 
then be Bubmitted to tests (3). If a slip of gold foil, inter- 
twined with zinc, be introduced, voltaic action wiH pre- 
cipitate the Hg on the fonner; it may be dissolved by 
110, NO, and submitted to SnCI, or a portion volatilised 
and the characteristic globules obtained. This feat proves 
the presence of mercury, but not that it is in the form of 
HgCl. 

(c) Bydrargyrum Ammoiiiatum, HgCI.HgNHa, Chlor- 
amide of mercury; White precipitate. 

Prep.— By dissolving ^vi Hydrarg. Chlorid. corroa. 
in Oviii Aquse Destillatee by the aid of heat, adding Aquie 
AmmoniBs f^viii with stirring; and washing and drying 
the precipitate. 2HgCl+2NH40 = HgNH„HgCl + NH. 
CU+HO. 

Prop. — A white, insoluble, heavy powder, deeonjposed 
by boiling with water and by a high heat. Is employed 
estemally only; the Vng. Hydrarg. Amman, contains gr xl 
to 3j Vng. Adipis. 

367. Iodides. 

(a) Hydrargyrum lodidumviride, "3.^^ ; Diniodide. 

Prep. — Mis in a mortar ^j Hydrarg. with gr cce lodinii 
and add fgas Alcohol, fortioris, triturate until the ingredi- 
ents are thoronghly incorporated; stir the mixture occa- 
sionally, and at the end of two hours rub again until 
nearly dry. Then rub with Alcohol, fort, to a thin paste, 
and wash with the same until the washings ceaao to pro- 
duce a precipitate when dropped into water (absence of 
red iodide, Hgl). Dry and keep it in the dark, in a well- 
stopped bottle. The alcohol facilitates the combination of 
the elements, and removes Hgl. 

Prop. — A greenish-yellow powder, becoming red when 

heated; soluble in ether; exposed to the light, it becomes 

dark olive colour. It combines the properties of its 
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constituents ; dose, gr j to ijj. Is incompatible with 
lodid., which converts it into tjie red iodide, Hgl. 

Hydrargyri lodidum rubrum, Protiodide, Hgl. 

Frep. — By double decomposition of Hydrarg. 
corroB. 3i disBoWed in Ojaa Aquee DentUlal., and Potasa. 
lodid. §j gr cxs, in Oss Aqum Dealilloi. The precipitate 
is washed, dried, and kept in a well-stopped bottle. 
HgCl+KI=Hgr+KCl_. The precipitate ia at first yel- 
low, but becomes red. 

Prop. — A brilliant, crystalline, Scarlet powder, (2d anft' 
4th systems), becoming yellow when heated, and having 
its colour restored by pressure. This is due to a change 
of crystalline form C^^^)- ^* sublimes unchanged chemi- 
cally. It dissolves in alcohol, also in solution of Potass. 
lodid., forming lodohydrargyrate of potassium, KI,3HgI, 
which is valuable as a test for the alkaloids, and is given 
internally in the same cases as Hgl. It is frequently 
formed CKt^mporaneously in prescript ions in which cor* 
rosive sublimate and iodide of potassium are ordered tti- 
getber. The red iodide is much more active than the 
green. Dane, gr Jg, in alcohol, pill, or polntion of Potass. 
lodid. ; iu overdose, resembles corrosive sublimate, and 
requires aimilar treatment. 

Bibron^s antidote for snake-bites. — B. Eydrarg. Ckhr. 
corroa. gr ij. Potass. lodid. gr iv, Brom/inii gr cee, AleiAot 
dilvl. fgviifis. Dose, gtt x in f^ss Sj^. Vini Gallici, i* 
peated pro re nata. ' 

Liquor Arspnici et JTydrargyri lodidi ; Donovan's so- 
lution. 

Prep. — Bub gr xxv aa Arsenid lodidi et Hydrarg, 
lodid. rub. with fsss Aquee Deatillal., and when dissolved 
add f.^viiss more and filter. It contains Asl, and Kgl ; 
has the properties of its three constituents. Is easily 
composed, anil .should he given alone; the quantity 



4 



of ^ 



CHEMISTRY OF TIJE ELEMENTS. 



2i?l 



arsenic is relatively Bmall, being only about gr -j'^ of me- 
tailic araeuic to f 5j- Dose, gtt v to x. In large doses, 
produces effects like those of Corrosi¥e sublimate, and re- 
quires tlie same treatment. 

369. Qfanide, BydrargyH Cyanidum, HgCy. 

Prep. — By distilling Hydrocyanic acid, HCy, into a. 
receiver containing HgO, enough of the latter being used 
with agitation to destroy the odour of HCy. The solu- 
tion is filtered and crystal Used. HgO+HC'y=HgCy-> 
+ H0_^. 

Prop. — White, square, prismatic crystals (2d system), 
wholly soluble in water ; gives off Cy by heat, leaving 
Hg and paracyanoQen. On the addition of HCl evolves 
HCy, leaving HgCl. Is very rarely used in medicine. 
Dofe, properties, and antidotes, those of corrosive sub- 
limate. 

Fulminate, 2HgaO,Cy,Oj. This substance, employed in 
percuss ion-caps, may be made by dissolving gr c Hg in 
f^iss Acid. Nitric., adding gij Alcohol, and if necessary 
more to moderate the action ; the fulminate precipitates, is 
washed and dried at a heat not escooding 120°. It is 
very explosive, and should be kept under water. It 
evolves, when exploded, CO3, N, and Hg. 

310. Nitrates. 

Nitric acid unites with the oxides of mercury to form 
seven compounds ; only one of these, the normal nitrate 
of the protoxide, is important. 

Liquor Eydrargyri Nitraiw, Acid Nitrate of mercury, 
HgO,NO.+iHO,NOs. 

Prep. — Dissolve ^iij Hydrarg. in a mixture of .;v 
Acid. Nitric, and fgvj Aquai Destillal. When red fumes 
cease to he evolved, evaporat* to f^viiss. Hg,-i-4(H(), 
NOs)=3(HgO,NO0^.+N6,-|-4HO. An excess of acid 
is present. 
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Prop. — A colourleBS, acid liquid, s. g. 2-165. It is not 
decompoBed by an excess of distilled water. It reacts 
with KI, SnCl, and biiglit copper, like HgCl. Is ased as 
a caustic. 

Ungnenliim Hijdrargyri Nilralie, Citrine ointment. 

Prep. — 3jsa Hydrarg. ia dissolved in giijss Acid. Nit- 
ric., forming as above HgO,NOs; this is added to gxii 01, 
Bubvrli and ^yma Adipis melted together, and the whole 
stirred with a wooden epatula nntil the ointment EtifTens. 
A complex change takes place, both the nitrate and the &ta 
being partially decomposed. It is of a yellowish colour, 
offensive odour, and somewhat liable to change. X'^aed in 
skin diseases. 

371. Snlphates. 

The sulphate of the protoxide HgO, and that of th« 
dioxide HgaO, are prepared as a preliminary step in tha 
manufacture of corrosive sublimate and calomel. 

Subsulphate ; Hydrargyri Sulphas Jlava, Turpeth^ 
mineral. 

Prep. — %\v Hydrarg. are dissolved in ^vi Add. 8tA- 
pkuric, Hg+2HO,SOa=HgO,80,+ SO,+ 2HO_^; this 
is evaporated to dryness and thrown into boiling water, 
which decomposes it into yellow trisulphate and soluble 
tersulphate, 4(HgO,SOa)=3HgO,SOa+HgO,3SO,_^ 

Prop. — A yellow powder, soluble in 3000 parts cold 
and 600 of boiling water ; moderately heated, it becomes 
red, but regains its yellow colour on cooling. At a: high 
heatitis decomposed, SOjandO being evolved, and metallic 
Hg sublimed. Is sometimes used as an errhine, and, 

rely, internally as an emetic and alterative. Dose, gr i 
to V. In overdose, a poison ; the antidotes for HgCl maji 
be employed. 
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^f SILVER {Argenium), Ag=108. 

^M 372. Sources. — Occurs native, and as sulphide, chloride, 

^1 and iodide ; al^o in the argentiferous galena. Is obtained 

H by amalgamation and cupellation. Pure silver may be 

H obtained from coin which contaias 10 p. c. of copper, by 

H dissolving in nitric acid, adding HCl or NaCl, which pre- 

^fe cipitates AgCl ; this may be reduced by fusing with mixed 

^B carbonates of potassa and soda, with borax, or by im- 

^B mcrsing scraps of zinc or iron, 

^M Prop. — A brilliant white, malleable, ductile metal, a. 
^1 g. 10'5 ; fusible and volatile at a white heat, and burning 
^1 with a green light in the voltaic arc ; it does not oxidise 
^1 by the action of ordinary oxygen, but is attacked by ozone. 
^M When melted, it take.^ up mechanically many volumes of 
^M 0, which it ejects on cooling, causing the spirting or npil- 
^B ting of the metal. It tarnishes in air, owing to the forma- 
ts tion of a superficial layer of sulphide. 
H Chem. Jifii.— Forms AgjO, AgO, and AgO^; AgO, only, 
H is important. AgS is the black tarnieh of silver; AgCl 
^a is insoluble in water and acids, but soluble in ammonia, 
^1 and blackens on exposure to the light. Agl and AgBr 
H^ are sensitive to light, and largely employed in photog- 
raphy. The metal is not easily attacked by acids, except 
the nitric. Tenl. — Soluble chlorides give a white, curdy 
precipitate of AgCl, which has the properties above given. 
M It is reduced from solution by iron, copper, and zinc. Is 
■ officinal as Argentum. 
K 313. Oxide, AgO, Argenli Oaddum. 
^1 Prep. — Dissolve ^iv ATgeyili Nilral.iaOss Aqum Destil- 
^P lot., and add Liq. Potassm as long as a precipitate is pro- 
H duced ; wash and dry the latter. AgO.NO^ + KO,HO=. 
H AgO+KO,NO^fnO_^ 
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Prop. — Ad olire-browu powder, decomposed b; heat 
into Ag and O ; sligbtlj soluble in water ; baring a Eunt 
alkaline reaction. By treatment with strong ammonia, 
which dissolree it in part, a black explosive powder ia ob- 
tained, AgiJC? ; this is distinct from fnlminate of sUver, 
2AgO,Cy,0^ which is analogous to the corresponding 
mercury compound, but more explosive. AgO is used in 
medicine for the same purposes as the nitrate, orer which 
)t is supposed to have the advantage of not blackening 
the skin. Dose, gr ss to j. 

314. GfaDitlB, Argenti Cyanidum, AgCy. 

Prep. — By passing the vapour of HCy into AgO,XO« 
or by adding Cyanide of potaasium, not in excess, to a 
solution of AgO,NOi. AgO,XOs+ HCy = AgCy + HO, 

Prop. — A tasteless, white, insoluble powder, soluble is 
KCy and in nitric acid ; is employed for the extempora- 
neous formation of Acid. Bydrocyanic. dilul. 

375. Nitrates, Argenii Xilras, AgO,NOi, 

Prep. — By acting on silver by nitric acid ; Ag,+4(H0, 
NO,)=3(Ago,N05)-»+N6i + 4HO_,. If coin be em- 
ployed, nitrate of copper will be present ; on heating thfl 
solution to dryness, this will be decomposed, leaving insol- 
uble OuO, from which the AgO,XOs may be separated by 
solQtion and filtration. 

Prop. — Colourless, transparent crystals (3d system), of 
a metallic and bitter taste, soluble in their weight of cold 
water and 4 parts of cold alcohol. The salt is decomposed 
by heat, with a bright flame, leaving spongy metallic sil- 
ver. It is blackened by the contact of organic matter. 

Med. EffetAa. — In overdose, an irritant poison ; antidote, 
common salt; in medicinal doses, gr Ho i, used in the neu- 
roses and chronic gastritis -, externally in collyria, SboQld 
not be mixed with other medicines, and, if given in pill, it 



should be made up with gum ; if dissolved, distilled water 
should be uaed. 

Argenti NUras fusa, Lunar caustic, Lapis in/ernalis, 
AgO,N05. Is made by fusing the salt and pouring it into 
moulds. Is for external use. It sometimes contains chlo- 
ride, which renders it less brittle ; the latter will be left 
behind upon diesolving it in water. A stick of nitrate of 
silver may bo conveniently pointed by rubbing it with a 
rotary motion upon a polished silver coin. 



GOLD (Am 



-n), 



376. Occurs native ; ia, when pure, soft, yellow, and the 
most malleable of the metals ; it can then be welded cold, 
and is used for filling teeth ; a, g. 195 ; melta at a bright 
red heat ; is unaltered in the air, and only attacked by 
AqUaTegia, selenic acid, and nascent cyanogen. American 
coin contains 900-thousandthB of pure gold. Its most 
important compound, is the chloride AuClg, used in pho- 
tography in toning prints, It gives with protochloride of 
tin a purple precipitate (Purple of Ca9Bius,AuO,SnOj,SnO, 
SaG,-(-4H0 ?) which is used in glass staining and in paint- 
ing cpon porcelain. Gold is precipitated from solution by 
ferrous sulphate, FeO.SOa. Folisbed steel dipped into it^ 
etiiereal solation acquires a coating of metallic gold on the 
evaporation of the ether. Fire-gilding is perfonned by 
heating a coating of amalgam of gold and mercury applied 
to the body, the mercury is driven off. Eloctro-gilding 
has been already described (16G). The preparations of 
gold have been used in the treatment of syphilis, but are 
now abandoned. They are highly poisonous; the anti- 
dotes for mercury may be used. 
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PLATINUM, Pt=9S 



3TT. Is a rare metal, occurring alwavs natire, in ^nins, 
and aesociated with other metals of the ssiae gronp, Iri£- 
nm, Oanuom, Falladtam, and Rbodiom. Or these, the two 
first fona a very bard alloy, irid-oimine, which is osed 
for pointing gold pens. Osmiom forms a poisoDoos, to1»- 
tile, osmic acid, OsO,. The grains of platinnm may be 
diBKtlred in Aqua regia, and the metal precipitated bf 
5JH.C1, in the form of a yellow double cbloride.NH.Cl.PtCli, 
which on ezpoeare to heat leaves the metal finely divided. 
Platinum sponge; this may be welded into sheets. Plati' 
DUm blact, another form of the finely di^-ided metal, ie 
made by adding KO.HO to PtCl^, and then alcohol. Both 
of the forms of the metal are remarkable for their powrir 
of absorbing and condensing gases (HT). The grains 
may also be fused together by the compound blowpipe, 
forming ingots, as first done by the late Dr. Hare. 

Platinum is the heaviest metal known ; s. g. between 3 
and 22 ; is highly malleable and ductile, resists all or^^ 
nary chemical agents even at high temperatnres ; is harder 
than gold, and much used in the laboratory and the arts 
in the form of wire, foil, crucibles, and retorts. Like iron, 
it may be welded at a high heat. Its most important com- 
pound, the bichloride PtClj, is used as a test for potassa 
and as a means of getting its other preparations. It forma 
a remarkable series of double chlorides of much tbeoreticd ^ 
interest. Its compounds are not used in mediciDe. 



PART IV. 

ORGANIC CHEMISTRY, 



318. Orqanio Chejiibthy investigates compounds pro- 
duced under the influence of vitality, and those derivable 
from them by artificial meauB, 

This definition, although convenient, is not accurate. 
Recent researches have showu that many bodies, formerly 
obtained from the organic kingdoms, may be produced 
artificially. The compounds of ammonia and cyanogen 
are no longer considered as organic. Formic acid, alcohol 
and its derivatives, many of the fatty acids, glycerine, 
taurine (found in the muscles of the mollusca), urea, oils 
of mustard and garlic, are examples of organic bodies 
which may be found of purely inorganic materials. We 
owe much of our knowledge on this subject to Berthelot, 
who, by imitating the gradual processes of nature, rather 
than the rapid and violent ones of the laboratory, has 
formed, from carbon obtained from the earthy carbonates, 
hydrogen from water, and oxygen from air, an extended 
and important aeries of artificial organic bodies. Instances 
of this organic synthesis will be given hereafter. 

379. Constitution of Organic Bodies. — Few elements 
enter into the constitution of organic bodies, but the num- 
ber of equicalenlx is great. Carbon is the essential ele- 
ment; next in frequency occurs Hydrogen, then Osy^n; 
a comparatively limited group contains Nitrogen; still 
more rare are Sulphur and Phosphorus; and finally, 
only in certain structures, or in artificially derived bodies, 
(287) 
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do we find the other elements. The number of atoms is 
large. Morphia has the fornmla C«H^"0,+2HO, and 
its equivalent is 303, against 11 for KO or 20 for MgO. 
Organic bodies also change in the most varions and com- 
plex modes, differing much from those of the simple acids, 
bases, and salts which have been heretofore considered. 
The number of possible compounds can be shown to be 
infinite. Of the compounds of Glycerine with the known 
acids, Berthelot has shgwn* that over 200,000,000 are pos- 
sible, and a similar variet; will be shown to be probable 
under the head of subulitulion compounds. 

380. Decomposition. — From their complexity, organic 
bodies are prone to decomposition ; the elements re- 
arranging themaelvea in simpler forms, hence we have as 
results ammonia, marsh gas, compounds of sulphur and 
hydrogen, cyanogen, etc. The following are the most im- 
portant varieties of natural decomposition: Sremacauais, 
or decay, which occurs only iu non-nitrogenised bodies, a^ 
wood, and which is a slow oxidation accompanied by 
absorption of nitrogen j/lirnieniafion, occurring in non-ni- 
trogenised, bodies under the influence of a putrefying niir(>- 
genised substance ; Pulre/action, occurring only in bodies 
containing nitrogen ; it is closely allied to fermentation. 

381, Analysis of Organic Bodies. — 1. Qualitative. 
Organic bodies contain carbon in excess of the quantity 
of p necessaryto consume it. On heating them in a tube, 
the C remains. Thb is characteristic of organic matter. 
Water may be driven off by a heat of 212°. Mineral 
matters are determined by burning the body in a crucible, 
by the aid of EO.NOs OT KO.ClOs, and examining the 
ash. ITae is. made of the solvent powers of various 
meuBtrua.in separating the, _pj-oa:imo(e constituents, as in 
the simple example of a gum-resin, where the former i 

• ChMit OrgaBiqtit/ondie nr la Si/Mliie, Tonw ii. p. 33. Paris, 18B9. 
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dissolved by water and tha latter by alcohol. Fractional 
distillation is also usefully employed to separate bodies of 
different degrees of volatility. The other methods of dis- 
tinguishing organic bodies, and of separating them into 
their proximate constituents, vrill be explained hereafter. 
The UUimale analysis of organic bodies is effected by 
burning the body and weigbing the products of combustion. 
This is generally effected by mixing the body, carefully dried 
Bnd weighed, with CuO or PbO.CrOj in a tube, sealed at one 
end, and applying heat; the products of combustion are 
caused to pass through a tube containing fragments of 
fused CaCl, and then through bulbs filled with a solution of 
KO,HO. The former intercepts the watery vapour formed 
by the combustion of the H, and the latter the COj formed 
by that of the C. The tube and bulb are weighed carefully 
before and after the combustion ; J of the increase of the 
weight of the former ia H, and ^^ of the latter C. The O 
is estimated by the difference of the combined weight 
of these elements with the ash and that of the body an- 
alysed. The presence of nitrogen in an organic body ia 
generally manifested by the e'rolution of NH,0, when 
heated alone or with KO.HO ; its amount may be deter- 
mined by collecting it as it issues from the potash bulb. 
Sulphur is detected by heating the body witli an alkali 
and testing with nitro-prusside of sodium; it may bb 
burned into SOj and precipitated by Baryta. Phosphorus 
may be converted into phosphates and tested in that form. 
S82. Theoretical Conaideralions. —The result of ulti- 
mate analysis is merely a knowledge of the elements con- 
tained in a body, and their amounts per cent. We know 
nothing of the arrangement of the elements of any body, 
organic or inorganic. Theory supposes them to be ar- 
ranged in a certain way for the purpose of conveniently 
arranging and dtndying the facts. Thus, sulphate of po- 



tassa fuiitaina one atom of snlphur, one of potaasium, and 
four of oxygen; we suppose these to be arranged as KO, 
SO3; we may snppose them to be K,SO„ or KOgSO,. or 
KOsSO, or KO.S, etc. We assume the fonner of these 
to be true from probability and convenience. Alcohol, 
CJItOi, may be regarded as C^HsO.HO, or CJI,2H0, or 

'h'c ^'' ^^'^^ '^^^ formula given by ultimate analjaisis 
termed the empirical formula; that which rcprcsente the 
supposed arrangement, the rational formula. 

Compound Radicals. — We assume the esistence of com- 
pound bodies which, like ammonium (214) and cyanogen 
(335), act as elements ; these are called quasi elementary 
bodies or radicals; they are exceedingly numerous. By 
far the largest number contain only C and H, the equiva- 
lents of the former being even and of the latter odd. They 
form oxides, hydrates, and compounds with the acids aad 
halogens strictly analogous to the corresponding com- 
pounds of the metals, 

TbiiH the radical Ethyl, C.IIs, forms CTTjO, Ether. 0,HiO,B0 
Alcohol. C,UBO,NOa Nitrite of the Oxide of Ethjl, C.H.Cl Chlo- 
ride of Ethyl, etc. These cannot in maayCBses be made directlj, 
and it should ho remembered that the whole assumptiua is merely 
a convenient theory, 

383. Substitution Compounds. — In inorganic chemistry, 
H is replaced by the metals, HCl-|-Zn=ZnCl+H; and 
the amphigens (184) and halogens (324) replace each 
other. In organic chemistry, not only do these replace- 
ments take place, the quasi metals or radicals being in- 
cluded as metals, but the halogens and NO, replace H. 
These 8ubslU%Uion compounds often present a marked re- 
semblance to those from which they are derived. Thus, 

Pyroxyline or gun-cotton, 0;., ^^^^-.". O^, made by the 
action of HO.NOj on cotton, CjjHij,Oi„ has six of NO, in 
place of three of the H of t]je latter. The most remark- 
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able bodies of this gronp are to be found under the head 
of the substitution ammoDiaa (425). 

384. Inomerio, Metameric, and ffomologous Bodies. — In 
inorganic chemietry, we have seeo that the same elements 
in the same proportions produce the aanae compound. In 
organic chemistry, we have frequent instances of bodies of 
precisely the same composition, but of different chemical 
and physical properties. Thus; Cellulose (cotton) Starch, 
Dextrin, and Gum Tragacanth, al! have the formula 0„ 
HjjOai. Such bodies are termed isomeric (Gr. isos, equal, 
■meros, weight). Their widely different properties are 
attributed to a difference in the arrangement of their atoms. 
Metatneric bodies (Or. meta, beyond, meros, weight) are 
isomeric bodies of which the rational formulee are sup- 
posed to have been tictermined, and thus this difference 
of arrangement made clear. Thus, Acetate of oxide of 
methyl CjHaO,C,HaO„ Formate of oxide of ethyl C4HjO,C, 
HOj, and Propionic Acid CeHjOj.nO, have each the em- 
pirical formula CoHjO^. Homologous bodies (Or. homoios, 
similar, logos, ratio) differ from each other by a fixed 
amount of C and H, and those belonging to the same 
series have generally a similarity of properties and chemi- 
cal characters. Thus, the following acids, Formic CjHjOj 
HO, Acetic C.HjOs.HO, Propionic CaH.Oa.HO, Butyric C, 
EA,HO, increase by C^H, or a multiple of it; their 
boiling-points have also been noticed to rise about 34° P. 
for each increase of CjUj. We have many such series. 

385. AsRANGEMENT. — Organic bodice will be consid- 
ered under the following heads: 

1, The Starch group, including the sugars, gums, and 

woody fibre. 

2. Radicals homologous with Ethyl, having the general 

formula C.jiITjn-|-i; their compounds and deriva- 
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3. Radicala not homologouB with Ethyl. 

4. Organic Acids not oxides of known radicals. 

5. Subatitution Ammonias, the alkaloids and allied prin- 

ciples. 

6. Fats and Oils. 

7. Colouring Matters. 

8. The proximate principles of animals and rej^tables 

and otherwise classified, with the chemistry of the 
animal solids and fluids. 



I. STARCH GROUP, 

The most important members of this group are : — 
■Cellulose, C„Ha,Oa^ 

Starch, Cj,Ha,Ojt, 

Dextrin, C„HioO«. 

Gum Arabic, CmH^Om- 

Gum Tragaeanth, CaH^OM- 
Pectin, C(,H«Om. 

Cane Sugar, CuHaOjj. 

Grape Sugar, CaHjjOa. 



Fruit Sugar, 
Milk Sugar, 



C„H„0„. 
CmH„0«. 



They all, except Pectin, contain the same proportion of 
C, and the H and are in the proportions to form water. 
They have been termed Carbohydrates, but the word ia 
objectionable ; it cannot be assumed that they are com- 
posed of carbon and water, 

386. Collnlose, CuHziOn. Is the fundamental material 
of the structure of wood constituting the cell-wall. It is 
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aoBn nearly pure ia fine linen, cotton wool, or fine unBiKed 
paper. It has been detected in CDrtaia diseased conditions 
of the human brain. 

Cellalose ia white, inflammable, insoluble in ordinary 
menstrua. It may be dissolved in the cold by a solution 
of amnionio-sulphate of copper (330), by strong alkalies at 
high temperatures and pressures, and it is decomposed by 
CI and I. Cold HO,SOj converts it latodexlriit, and finally 
into grape sugar; when pure, it is not immediately black- 
ened by this reagent. By the immersion for half a minute 
in HO.NOs, and washing, it is converted into explosive 
gun-cotton, or pyroxylin. A mixture of oqual parte of com- 
mercial nitric and sulphuric acids, allowed to cool, will 
answer. A less explosive variety, freely soluble in ether, 
ia made by the action on the cotton wool for 24 hours of 
ft mixture of KO.JfOj, in fine powder gx, and sulphuric 

acid B. a. 1-843 Sxvss. The formula C„ ^— 0„ has 

been assiffned to the cxploBive, and Oi,— . — '^Oaf, to the 

^ ^ (NO,), 

soluble variety. 

Collodion, Collodium, TJ. S. P., is a solution of pyroxi- 
iine gr Ivi in & mixture of f^iiiss of ether and fjj of 
stronger alcohol. Its tendency to contract may )« obviated 
by the addition of 5 to 10 p. c. of castor oil or Venice 
turpentine. 

Explosive compounds resembling pyroxyline in conipo- 
Bition have been made by the action of HO,NOs on starch, 
glucose, mannitc, etc. By the action of FeCl or of KS,HS, 
pyroxiline is reconverted into cotton. 

Wood consists of cellulose, with incmsting and other 
materials, to which the names of vasculoae, fibrose, etc. 
have been given ; they are grouped under the general 
tLTm of inlerccUuIoxe. By the action of caustic alkali 
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uuiicr prcssiirf, tlii; inlercellulo&e is dissolved and cellulose 
T^mnms. Very strong alkaline lyoa under pressure attack 
the roliulose. By the action of a mixture of caustic potassa 
and Bodft on sawdust, oxalic and Anally ulntic acid (C^^Hm 
Ou) are formed. Cotton gooda immersed in a cold, strong 
solution of caustic alkali arc rendered thicker and stronger, 
A portion of the alkali entering into combination with the 
fibre. Unsized paper dipped for an instant into a mixture 
of 2 vols. HO, SO, and one of water, and then well washed, 
liecomes converted into a parchment-like substance, 

Decoviposition. — Wood exposed to the air undergoes 
slow decay, eremacausin, due to the absorption of oxygen ; 
carbonic acid and «-ater are produced. This may be re- 
tarded by impregnating it with antiseptics, which coagu- 
late the albuminous matters. The most important are, 
ZnCI, HgCl, CuO.SOa, and coal-tar. In dry air, or tohollj/ 
submerged, wood will last for centuries. Vegetable mould 
contains certain principles which have been described as 
humua, geine, ulmin, geic, humic, and w/niic acids ; they 
sometimes contain ammonia, the nitrogen of which is sup- 
posed to have been obtained from the atmosphere. 

When vegetable fibre undergoes decomposition, par- 
liallt/ excluded from the air, either under water or ground, 
it is converted into peal, and gradually into lignite and 
coal. 

By the deslruclive distillation of wood and coal, a varictv 
of complex products are produced; these vary with the 
temperature, moisture present, etc. They may be classed 
as, (1) Oases. CO, CO^, C,Hh, 0.H^, NH.O, and C,N ; and 
volatile, complex, hydrocarbons, among which naphthaline, 
CjiHb, a white crystalline body, solid at ordinary tempera- 
tures, may be mentioned. (2) Tar, which is a very complex 
body. Wood tar, Fix Kqutda, contains wood spirit CjRfii, 
acetic acid C.HA. paraflinc nnd creasote r„TT,0,. Wood 
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spirit and acetic acid will be considered undt^r Grouii II. 
Paraffine (parum, little, affims) is a beautiful transpareot 
solid, unaffected by any ordinary chemical ageata. It is 
used in making candles, waterproofing, and for (rreasing 
the stoppers of chemical reagent bottles. It consists of 
C and H, but its formula has not been detennined, Saph- 
thaline, CjoHg, is a white crystalline body, solid at ordinary 
temperatures. Creasote, Oreasotum, ChHjOj, is a colour- 
less, oily liquid, of a burning caustic taste, and peculiar 
smell, is inflammable, boils at 397°. It coagulates albu- 
men, and is antiseptic, as is seen in smoked meats. la uged 
externally, mixed with water, as a stimulant and detergent 
wash, and pure as a caastic ; the Unguent. Creaeoli con- 
tains fsss Oreasoti to gj Adipis. Creasote is sometimes 
given internally as an astriogent and anti-emetic. Done, 
gtt BS to j, in water. In overdose, is an irritant poison, 
antidole, albumen. Carbolic or Fhenic acid, coal-tar, crear 
Bote, CijHsO^ or C„HiO, HO, hydrate of the oxide of pfienyl 
(ilT), closely resembles the former, and is perhaps iden- 
tical. It is in transparent crystale, having the odour and 
other properties of creasote, and is soluble in water by the 
aid of acetic acid. Used in the same cases as the former. 
Ridgewood's disinfeclanl consists of carbolic acid, lime, and 
clay. Carbolic acid is one of the most reliable of the Anti- 
Beptics(199). Ooal-tar gives on distillation Naphllia, which 
containsbenzole, CijHd, andit8homolognes(4n); dead oil, 
containing naphthaline, paraffine, and a residue of pitch. 
By chemical agents, the Iteautiful aniline dyes and other 
colouring and even fragrant matters are obtained from 
coal-tar. These will be discuaaed hereafter. 

381. Starell, CaHjoOa,.— Is obtained chiefly from the 
roots and seeds of vegetables, by mixing the crushed or 
rasped matter with cold water, which dissolves albuminoid 
Dialters, and allows the starch to fall to the bottom of the 
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vessel. It U also fouud in the brain, the liver and kidney^l 
spleen, and mucous surfaces. The following are the most 
important varieties of starch: com starch, wheat starch 
(amylum), potato starch, Maranla (arrow-root), Sago, Ta- 
pioca, and Oanna (Toun ie mois). 

Prop. — Is awhite shioing powder, exhibiting under the^ 
microscope irregular grains, the size of which varien 
those of Canna measure the jjj of an inch, those of I 
canta gj^, of amylum j^^-a, of rice 551)5. These graii^ 
consist of layers covered by an cstefDal membrane, 1 
globule having on it a mark or hilum. It is insolable I 
water, but when boiled, the membrane bursts, and 1 
wliole forms a transparent jelly, probably not a true Eolt( 
tion, amidin, clear starch; this gives a characteristic hl«i 
colour with free iodine. 

The Btiiruh fnim elecnropano. etc., JmiUn, and itora licliefi 
and alow, ettrarin, cbtHidrin, differs somewhat in composition 
horn Iho ordiuary etarch. The former is coloured yellow, and 
the lattur bruvrniBh-gray, by iodine. 

Chewiiitl Changes. — Dilut* acids (eseept phosphoric), 
tllttwlftso, and saliva convert starch into dextrin. Coljl 
Mtroug nitric acid dissolves it; and, on the addition < 
water, a precipitate of xyloidine. an explosive body r 
hling pyroxyline, is deposited. Dilute nitric acid converts 
it into a variety soluble in cold water, and finally into dex- 
trin. Hot nitric acid oxidises it to oxalic acid, CuHgoOB+ 
12(HO,NOs)=12(HO,CjO^)-f20HO->-|-12XOj'. 
and bromine combine with starch, and it, on the otli 
hand, forms amylates with baryta, lime, and oxide of lea 
It is insoluble in a solution of ammoniated copper, 1 
clustroyed by strong alkalies. 

Dextrin, C^UJiu- 

Prep. — (1) By boiling starch with dilute acids, ceasing . 
wht-n the liquid no longer reacts with iodine, (2) By t 
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RClioQ of ealiva or of diastase, a nitrogenous principle 
existing in germinating seed, at about 80° F. The process 
should be arrested by beating to the boiliug-point, when 
the iodine reaction ceases; otherwise the dextrin is con- 
verted into grape sugar. One part of diastase will convert 
SOOO of starch into dextrin, or sugar. (3) British gum, 
which is identical with dextrin,* is prepared by roasting 
Btarch at about 400°, or by heating to 220" 500 of starch, 
150 of water, and 1 of nitric acid for two hours. In aU 
these cases the action of the acid is coialytic, it is iteelf 
nuchanged. Dextrin has a sweetish taste, ia very adhe- 
sive, and ia used in coating labels, envelopes, etc. It does 
.not ferment, 

388. G-TUn Arabic, Acacia, Arabin, Can^O^ or CuH„0„, 
Forms a viscid mucilage with water; by dilute acids it 
is converted into grape sugar. Nitric acid converts it into 
mucic acid, Ci,HsOn,2HO ; if is precipitated by the sub- 
acetate of lead, forming a definite compound with the oxide 
of lead, PbO,Ci2H,|Oi|. Besides Arabin, Acacia contains 
liiiie. 

389. Qttm TlBgacantll, TragacatUha, Ca.ir„0„, or C,gH„ 
0,5. — Consists almost wholly otbassorin. It swells with 
water to a bulky mass, which when long boiled acquires the 
general properties of Arabin. It is chiefly used in making 
paste. The gum of the cherry, plum, and apricot tree 
appears to be a mixture of Arabin and bassorin. The 
mucilage of quince-seed, flaxseed, elm, and marshmallow * 
closely re.sembic the gums. 

390. Pectm, C„H„0„,8nO.— The well-known property 
flf gelatinising possessed by the juice of fruits, as carranta, 
raspberries, etc., is due to Pectin. In the unripe fruit, 
pectase, a snbstancc insoluble in water, alcohol, and ether, 
exists; during ripening, this is converted in great part into 

» QllEMS, ITauill.wk 0.n, E'l.. vol. it. p. IBT. 
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pectin; the change is scceleratod by boiling; it ie 
about by a sort of fermentation or catalytic thuigc dne'C 
the action of the acids present in the frnit laroareal Iw 
warmth and light. Parapeptin and MeJapepUn are modl- 
fications; by the action of weak alkaline solutions, these 
are clianged into pectic acid, 2K0,G]£Hj,0]c, which may be 
further conrerted ioto meta and para-pectie acids. 

391. Oano Sugar, Sacchamm, Cj,HaOi(- 

Sourcfs. — The sugar-cane, sorghnm, beet-root, the 
ascending Bap of the maple, eom-stalts ; is also foond in 
the date and cocoa palm, melons, bananas, pineapple, aet- 
tariea, of flowers, etc, 

Prep. — The expressed juice is heated to coagnlalp 
albuminous matter, which is skimmed off, lime is sdded to 
neutralise acids which would convert it into fniit Eogir 
(molasBos) ; the juice is evaporated under dimintsbed 
preaauro. The raw or brown sugar thus obtained is re- 
tliiod; it is dissolved in lime-water, filtered first thrao^ 
woollen bags and then through animal charcoal. Tbe so- 
lution, evaporated and crystallised, gives loaf-sugar, or, ia 
largo, ohliquo rhombic crystals (4th system), roet-eattJif. 

Prop. — A sweet substance, s. g IS, soluble in J ib 
wi'iglit of water, at 60° forming syrup ; boiling abeolntc 
ttltuihol dissolves g'j of its weight, which deposits on cool- 
Iiig; I'oinmureial alcohol dissolves a larger proportioa 
Hiialed a little above 320° F., it cools to an amorpboas 
maNH, — barUy sugar, candy; above 378^, loses 4 eq.Tatcf. 
iHToniIng caramel or burned gugar, used for eolooriag 
ti(]Utds and syrups. It combines with time and other 
bases, forming definite crystallisnble salts, the fonnalk of 
the lead salt at 212° being 4PbO,Ci,H„0,. ; it is profasUe 
that the rational formula of cane sugar is 4H0,CsH»0» 
It also forms compounds with salts, as common salt, wbkk 
are deliqnfsi>pnt and cry.alalHse with difficnlty. StroiifC 
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aulpharic acid chare it ; the dilute acids generally, and 
diastase, convert it into Fruit sugar; nitric acid forms oxalic 
acid (see Stabch). The changes produced by fermenta- 
tion will be considered hereafter. 

392. Fruit Sngar, C„H:„0„. Occurs in the juice of ripe 
acid and subacid fruits, the descending sap of the maple, 
honey, etc. Is frequently associated in these with eauc- 
sugar, which is converted into it by the action of dilute 
acids and diastase. It ia very sweet, soluble, and uncrya- 
tallisable. It passes readily into grape sugar. Molasses, 
Syrvpus /uscus, is fruit sugar, containing a considerable 
quantity of cane sugar in saspension. Glycogen, a starch- 
like substance obtained from the liver, has the same com- 
position. 

393. Orape Sngaj", Glucose, C„HjbOjs. — Forms tiie white 
crystals on the outside of dried fi'iiits; exists in diabetic 
urino, normally in the liver, and is readily formed by the 
action of dilute acids upon starch, gum, and the other 
Bugors. 

Prop. — In warty imperfectly crystallised grains, less 
sweet than cane sugar in the proportion of 2 to 5 ; it is 
also less soluble in water, requiring one and a half times 
its weight, but is more soluble in alcohol. By the action 
of heat at 140° F., loses 4 equivalents of water and is con- 
verted into a body isomeric with fruit sugar ; at a higher 
temperature forms caramel. Sulphuric acid combines with 
it to form Sulphosaccharic acid, the lime and baryta salts 
of which are soluble. Nitric acid converts it into oxalic 
acid. It forms certain unstable compounds with bases ; 
is decomposed by strong alltalies. The testa for glucose 
will be considered under Ukinb. Its rational formula is 
probably iJLO.C^'K^O^. 

39i. Milk Sngar, C„Hb,Ob, or C„H,|0„. — Is obtained 
by evaporating the whey of milk. 
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P'Vp. — la hard, gritty crystals, (3d system), sulul^ 
in ^ parts of cold water, insoluble in alcohol and ethei 
Is converted into glucose by dilute acids ; nitric acid forms 
oxalic and mucic acids ; it forms a hydrate SHOiCmHjiOib 
and readily undergoes the laclic fermentation. Other 
sugars, or quasi sugars, as Matmite Ci,H„Ou, Glycyrrhizia 
CjtHj,0,j, Qiiercite, Finite, Sorbin, Mi/coee, etc., are de- 
scribed. Ina^ite, sugar of Besh, Glycocoll, sugar of gda- 
tine, and Glycerine, the sweet principle of fata, are not 
true sugars ; they ivill be described hereafter. 

395. Glacosides. — This term is applied to bodies which 
by boiling vrith dilute mineral acids, or aqueous alkftlioi 
or by certain ferments, split up into glucose aod oneil 
more other compounds. They occur in both the ^eggtat^fl 
and animal kingdoms, have never been produced syntheti- 
cally, and are very nnmeroos. The following are familia 
examples: Gallo-tannic acid, yielding glucose and gallic 
acid, C|,U,Oh,; Salicin into glucose and saligenin, C,^ 
O,; Scam m OUT resin into glucose and scammonolic a 
CjiHsuOa; Amygdaliu into glucose, oil of bitter almond^jlH 
Ci,H,Oj, and hydrocyanic acid, HCy. 

396. PermBntation. — Certain decomposing bodies — fer- 
fnents- — have the power of inducing decomposition in those 
with which they may, nnder favourable circumstances, be 
placed in contact. A very minute portion of a ferment is' 
suEEcient to set up the action, which then proceeds with 
more or less rapidity, producing, in the presence of coni^ 
pounds of ammonia and the phosphates, a much larger 
quantity of the ferment among the products of the change. 
The following circumstances are essential in all varieties 
of fermentation : (1) Contact of the ferment ; (2) Presenoe 
of air; this ia not essential after fermentation has onee 
begun ; (3) A temperature not below the freesing nor 
above the boiling point of water It is retarded by too 
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high or too low a temperature betweeo the limits named, 
and may be arrested b; filtration, temperature, and anti- 
septics. The atmosphere contains always certain germs 
which haTC the power of inducing fermentation ; these are 
destroyed by boiling, etc., and arrested by filtering the air 
through cotton. The forms of diseases grouped under the 
title of zymotic, are supposed to be due to the action oF 
ferments ; hence the use of the sulphites, carbolic acid, etc. 
as prophylactics and remedies. 

The most important varieties of fermentation are the 
vinoug, the acetic, the lactic, the butyric, and the viscoun. 

391. Vinona Fermentatioii, — The varieties of sugar which 
are truly fermentable appear to be the frnit and grape su- 
gars, the other members of the group being converted into 
these by the action of chemical agents. The circumstancoa 
moat favourable to the action are a temperature of 68-70° 
F., a weak solution of (he sugar, say 10 p. c, and a proper 
proportion of the ferment. Yeast is composed of vegeta- 
ble egg-shaped cells, which increase by budding during the 
fermentation of other than pure saccharine solutions ; this 
increase in brewing may amount to J the original weight; 
it generally rises to the surface, hut when the process takes 
place at a low temperature, sinks. Other nitrogenised 
bodies, as albumen, casein, etc., will induce fermentation 
and the formation of yeast. During fermentation the fol- 
lowing changes are noticed: (1) The evolution of COj, 
causing frothing, which begins at the sides of llie vessel, 
and after a time covers its whole surface; (2) Xa agreea- 
ble, vinous odour ; (3) A gradual diminution of the Bweet- 
nesa and s. g. of the liquid, and evidence of the presence 
of alcohol. The decomposition is never complete ; a cer- 
tain portion of unconvertible dextrin, saccharine matter, 
and other bodies remain. The chemical change taking 
place is the splitting np of the sugar into the simpler forms 
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of water, carbonic acid, and alcohol (CjIIbOi). Thus grope 
sugar, C„H„Oia=8CO,+4(C4H,0,)+4HO; it yields 4e'46 
p. c. of alcohol ; &uit sugar yields 5L'12 p. c, and cane su- 
gar 53-23 p. c, supposing the fermentation to be complete. 
"We may arrest the process by filtration to remove yeast, 
boiling or freezing, or by antiseptics, of which carbolic 
acid, Bulphiiroua acid, or the sulphites, are practically the 
beat. 

Processes depending upon Fermentalion. — BreaA-Mok- 
ing. When flour is mixed with water, the gliUen makes a 
tough paste, dough. The yeaat added causes a portion of 
the starch to ferment j after becoming sugar, the carbonic 
acid given off swells up the pasty dough, and the bread is 
raised. The carbonic acid and alcohol formed are driven 
off during the baking. By Dauglish's proceae the flour is 
impregnated with CO,, under pressure, no fermentation 
being allowed ; thus a portion of the starch is saved, and 
a purer and more palatable bread obtained. 

WiBes. — The generic term wine may be applied to the 
fermented juice of fruits. We maydiatinguish Grape-vine, 
wine proper ; that from currants, gooaeborries, etc., Domes- 
tic wines ; Cider from apples. Perry from pears, etc 

The juice of grapes esposed to the air ferments, owing 
to the presence of albuminous matters in the pulp ; it is 
then put into casks. A second fermentation takes place 
in the succeeding spring, after which its impurities sub- 
side. The quantity of alcohol gradually increases, owing 
to the further change of the sugar, and the cream of tartar 
existing in grape juice is deposited as argols ; thua true 
wine improves up to a certain point by age ; beyond this, 
it again becomes acid or pricked from the formation of 
acetic acid. Sparkling wines arc bottled before the second 
fermentation, and contain the COj, duo to it. Domestic 
wines contain malic acid, which does not deposit ; hence 
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they are aoiir, unless this acid is disguised by sugar ; gen- 
erally a considerable quantity of spirits is adiled to make 
them keep. They cannot compare in whole somen ess with 
the wine of grapes. The varying properties of wines de- 
pend npon the percentage of alcohol and sugar. The for- 
hier may be determined by distilling off one-half of the 
wine, dilating the distillate with water enough to make up 
the original bulk, and testing with the hydrometer (17) ; 
the latter by evaporation. The following is a general 
erage statement. Port, Madeira, and Sherry contain 20 
p. c. ; Hock, Claret, and Champagne, lip. c., and domestic 
wines 10 to 20 p. c., of alcohol. The quantity of sugar is 
least in the Hocks, and greatest in the syrupy wines, as 
some kinds of Port, Angelica, Malmsloy, etc. The acidity 
of true wines is due to cream of tartar ; if the grapes were 
green, citric acid may be present, and in old wines acetie 
acid. Cider contains lactic acid. Moselle and Rhine 
wine arc the most acid, Port and Sherry the least so. 
Tannic acid imparts roughness or aatringeocy to wines, 
and prevents their becoming ropy (viscous fermentation). 
Wine casks are fumigated with SOj, to prevent their con- 
tents fi-om souring (acetic fermentation). Wine ii? offici- 
nal as Vinum Portense, Port Wine, and Vinum Xericum, 
Sherry. 

jer. — In brewing, a mas/i is made of malt, barley, which 
has been allowed to germinate after steeping in water, by 
which its starch is converted into dextrin and sugar; to 
this mash yeast _is cautiously added, and fermentation 
allowed to take place to a certain point, leaving a consider- 
able proportion gf unchanged dextrin and sugar. To the 
worla thu9 obtained ia added an infusion or decoction of 
hops, by which a bitter flavour is given and fermentation 
checked. A slow fermentation goes on after the beer ia 
barrelled, ami civuscs llie liquid to he charged with CO,. 
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In llie brewinj: of lager, the fcrriK'ntation is condiiclecl 
nl a low temperaturo, 33° lo 46^° F, The yeast eiuke ta^ 
the bottom, carrying much albuminous and gummy raatt^ 
and leaving a very clear beer. It ia put io cuska coated 
inside with reain, and stored for a lonj^ timo before u^ingS 
The amount of akohol in beer varies from 2 p. c. i: 
kinds of lager and small beer lo 8 in XXX ale and brow 
stout The high colour of porter and stout is due to th&^ 
use of malt which has been slightly charred in the kiln, 
used for checking the germination of the malt 

Spirits are distilled from fermented liquids; Brandv, 
Spirilus Vint Qallici, from wine; Whiskey, Spiritua Fru- 
menti, from a maeh of corn or rye ; Rnin, from the juice of 
the sugar cane, or from molasses, etc. They contaiu alxiut 
50 p. c, of absolute alcohol, by volume, when at pmof. 
Their strength can be ascertained directly by the hydro- | 
meter. They all improve by age when kept in wood, 
owing to the oxidation of injurious bodies, known as fusel ' 
oils, to fragrant and harmless ethers. The presence 
fusel oil is disguised by sugBr and mucilages, and it may 
be removed by filtering through charcoal mixed with 
MnO^ 

398. ^ce(oug Fermentaiioti. — A weak solution of alcohol, 
exposed to the air in contact with a ferment, absorbs oxy- J 
l^en and becomes acid. This change will be studied under 1 
the head of Acetic Acid. 

399. Lactic Fermentation. — Sugar of milk, under thai 
iiifluencB of the casein present in that fluid, or by the con- 
tact of certain animal membranes (rennet), ferments, Iodic 
arid being formed. This is the cause of the souring of 
milk. It may be retarded by boiling, and prevented by 
iiiiiling under a pressure of 1*5 atmospheres (Pasteur), i 
liy evaporating the milk to a solid form (condensed milk). 
Lactic acid may also be produced from cane fruit or grapo 
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Bu^ar, by mixing witb stale milk, putrid theeHP, and cbalk. 
Lactate of lime \a formed abundantly. 

Lactic acid, Acidum laclicum, JlO.CellsOj, bas an in- 
tensely sour taate and acid reaction; it furms well-marked 
Baits, of wbich that of FcO is officinal, Firri Lactat. Jt 
exists in the gastric juice, tbo juice of flesh, in Sauerkraut, 
uid in the albumiDous liquid left in the manufacture of 
Btarcb. It has been used in the free state and as lactate 
of Boda in dyspepsia. 

400. Bulyrio Fermenlatian. — By a continuance of the 
fermentation of the mixture described above, tbe lactic 
acid pasaes into butyric, an acid found in rancid butter, 
putrid flesh, etc.; 2{HO,CaHA)=HO.C,H,0,-|-4CO,+ H.. 
Its properties will be considered in the next group (413). 
■ 401. Vincons Fermenlaliun. — The sugar of the beet 
Rt about 100° undergoes a peculiar change. But little 
alcohol is formed, tbe products being lactic and butyric 
acids, mannite and gum; CO, and U are given off. Ordi- 
nary sugar undergoes this change to a certain extent when 
treated as directed for obtaining lactic and butyric acid. 
The ropiucss of wines and beer present examples of it. 

40a. Theories.— The phenomena of fermentation and 
putrefaction were attributed by Bcrzelius to catalysis (159). 
Liebig supposes that the change taking place in tbe mole- 
cules of the ferment is communicated to those of the solu- 
tion in which it is placed, a process which he terms decom- 
position by example (160j. These merely give a name to 
the change, but do not explain it. Schwann, Blondean, 
and Schmidt referred them to the unexplained action of 
microscopic plants and animals; which view received sup- 
port from experiments in supplying fermentable matter 
with air drawn through cotton or a red-hot tube, in wbich 
caae the change did not take place.* 

• OiiBLIS, th-mlhu-l- C'ir. E.I., vol. vii. p. 108. 
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Pasteur comes to the following conclusions, which are 
probably nearest the truth. No fermentation or putrefac- 
tion occurs without the generation of multitudes of low ani- 
mal or vegetable (?) organisms, known to the microscopists 
as mi/cod t^nnSf torulas^ vibrios, bacteriums, monads, etc. 
Some of these, as the vibrios, live only in an a4:mosphere 
deprived of oxygen; others, as the bacteriums and mo- 
nads, absorb oxygen. Each variety of fermentation has 
an organism peculiar to itself; thus the mycoderma vini 
causes sugar to break up into alcohol and carbonic acid ; 
the mycoderma aceti, mother of vinegar, serves to oxidise 
alcohol to acetic acid, and the latter, in the absence of 
alcohol, to water and carbonic acid ; pencillium glau^um 
converts sugar into lactic acid. Butyric fermentation and 
animal putrefaction are due to the combined action of the 
bacteriums and monads, which absorb oxygen, and of the 
vibrios, which act in the interior of the liquid away from 
oxygen. The phenomena vary according as the body is 
freely exposed to the air, or partially or wholly secluded. 
They are instantly arrested by a temperature of 130®, or 
by the action of antizymotics, as sulphurous acid, the sul- 
phites, carbolic acid, etc. 



IT. RADICALS OF THE GENERAL FORMULA 

C,nH2n + 1. 

403. Theoretical Considerations. — The hypothesis 
of the existence of compound bodies which act as elements 
— quasi elementary bodies, radicals — is exceedingly con- 
venient. In inorganic chemistry wo have already had ex- 
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aniplea of a perfect quasi nietal, amnionimii, NH„ and of 
a quasi halogen, cyanogen, C3N. Without discussing the 
argumeata in favour or opposed to such a view, it maj be 
stated that it brings a large number of organic compounds 
nnder the same type as those generally regarded as inor- 
ganic, and is at least as probably true as any other which 
has been suggested. As we know nothing of the arrange- 
ment of the elements in compounds, that theory is prefer- 
a1)le which is the most simple. The great majority of the 
radicals contain C and H only, and the atoms of C are even, 
those of H odd. The protoxide of a radical is generally 
termed its ether (although the word is also applied to the 
compounds of acids with this oxidej ; its hydrated oside, 
the alcohol of the series. The quasi metallic radicals may 
be divided into thoso which form a single basic protoxide, 
like zinc, as the ethyl type, posilive radicals ; and those 
which tend to form higher acid oxides, like Cr, — the aceti/l 
type, vegalive radicals. Generally speakiug, the com- 
pounds of the former and the radicals themselves are 
obtained from their alcohols, which act with acids and 
halogens h"ke the hydrates of the metallic oxides. The 
alcohols and ethers by oxidation yield the oxides of the 
negative radicals. The following are the most important 
members of the series ; others, especially among the acids, 
will be incidentally considered under other heads. 



F.jrmaln C,nU,n-|- 

Methyl, C,H, 
Ethyl, C, Hs 
Propyl, C5 H, 
Butyl, C„ IT, 

Amyl, C„H„ 



Ether. Aloohol. 

C,nH.n-|-„0 C,nH,n-|-„0,HO 

C.HaO CHjCHO 

0,H,0 c,HsO,no 

OfiHjO C,H, 0,H0 

CgHjO C,EeO,HO 

C,oH„0 c„H,.o,no 



C.HaO„HO Acetic. 
C6ns03,HO Propionici 
Cb H,0,,H0 Butyric ', 
C„H,Oj,nO TfJerianiiv^ 
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— SnAinL AMeb:rdo. Aaid. 

t^nH,n— , C,nH,n— „0.U0 C.nll.n— „0„nO 

C.II Fonnyl, C, HO,nO C,HO,,HO Formit 

C,H, Acetyl, C.H,0,HO 

C.H, Allyl. C.H.O.nO 

C.H, Bntyryl, C, H,0,HO 

C„H. Valyrj-l, C,„H,0,HO 

As an iUuBtration of the changes taking }>laco, we may talca 
the ellijl series. Alcohol, C,UtO,HO. bj Rising water, becontm 
C,II,0, ElHer. By the action of iodide of phospfaonia, C,H,I, 
iodide of ethyl, ie formed ; by digesting this with linc, eikul ia 
ohtained, C,HJ+ Zn=ZnH-C,H.. By the action of HO.N(^ 
(with urea) on alcohol, nilrale of elAer is formed, C4HsO,H0+ 
H0,N0»=C,H,0,N0i + 2H0. By oiirtntion, alcohol first losei 
two of hydrogen and becomes aldehyde, C,H,O.HO-t-Or=C,H/), 
HO4.2HO, and finally a«(-c aeid. C.IIsO,H0^-0,=C.H,0..HO+ 
4110. These are but types of the reactions occurring in the 
whole series. All the alcohols above named hare been idolated ; 
the aldehydes are not yet complete. The list of acids mi^ht be 
oonlinued uninterrupted !v up to Cmni60.,llO, Stearic ; and with 
interruptions to Cii,Ha,0,,llO, MelliBio acid. These acids are gen- 
erally known aa the fatty acids. Their boiling-point rises about 
35-88° F. for each inurease of C,H,. The whole series is homolo- 
gous. Only the more important members of the soriea will be 

405. Methyl AleoM, Wood Spirit, C,H,O.HO.— Ia 
among the products of the destructive distillation of wood. 
Is a colourless, inflaniniablE, mobile liquid, miscible in all 1 
proportions with water and alcohol, s. g. 0-798, boils at I 
152°, baa a peculiar odour aud taste. Its BolTcnt powers [ 
resemble those of alcohol. Methylated spirit contains 10 1 
p. c, and may bo used for most purposes as a substitute for | 
alcohol. Wood spirit is often confounded with acetone, 
CeHjOj, obtained by distilling the acetates. It has been I 
used ae a stimulant expectorant in Phthisis. 

406. Fonnio Aeid, HO.CaHOj. — Exists in ants, certain I 
caterpillars, nettles, and the sweat. May be medo by direct | 
oxidation liy the action of platinum black on wood spirit, f 
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Is preferably prepared by the decomposition of oxalic sdd, 
by heat, in the presence of glycerine; the latter reniaina 
nuohanged. The proportions are not important; the 
mixture is heated until CO, is evolved, when more HO, 
CjOg is added nntil no more 00, is given off; formic acid di»- 
tilsover. 3(nO,C,0,+2IIO)=HO,CJIO,+ 4nO + 2CO, 
It may also be obtained by distilling red ants with wat^r. 
The monohjdrated acid is obtained by tbe action of HS 
apon PbOjCjHOj. It resembles its homologue glacial 
acetic acid; it is very corrosive, blisters the skin, a. g. 
1235, boils at 209°; mixes with water and alcohol in all 
proportions. Its vapour is inflammable. It reduces the 
salts of silver and gold. 

Berthelot bus mnile formic acid by the action of CO upon KO, 
H0,2C0+K0,H0=K0,C,H0,:aninttreslingeiiimpIeofftbody 
Ori^nally derived from the nolinal kiuedoni obtained from parelj 
animal snurces. By destructive disciilalion the furmales jJeJd 
ompouads of i^nrbon and bjdrogcn of a mare complex aature. 

401. CUotoform, Chlorofomm, C,H,Cli.— May be re- 
frarded as the terchloride of forrayl, or formic acid, in 
which Oj have been replaced by CI3. 

Prep. — On the large scale, distilling chloride of lime, 
CaO,C10+CaGI, with alcoliol, wood spirit, or acetone, — 
Chhroformum venale. It is used in this state as a sol- 
vent. Ckloroformum purificatum, is prepared by agitata 
ing occasionally for 2t hours Jcii Chloroformi venalis 
and Sxvii Acid. Sulphuric, then separating the lighter 
chloroform and adding to it f.^vj Alcohol. fortiorU and 3ij 
Potass. Garb, previously heated to redness and rubbed to 
powder; the mixture is then stirred thoroughly and dis- 
tilled. 

Prop. — A limpid, colourless, volatile, neuter liquid, 

of an agreeable, ethereal odour, and a sweetish, burning 

taste. Water dissolves but one p. c ; Alcohol dissolves it 

I freely. It diKSolves caoutchouc, gutta-percha, tbe resins. 
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camphor, iodine, bromine, and most of the alkaloids. It 
ia not inflammable. Its s. g. is 1'490 to 1'494 ; it boils at 
140°. When dropped into water, it should sink without 
roilkineBH (absence of oils). Mixed with an equal weight 
of H0,S03, no sensation of warmth should l)e communi- 
cated to the hand by the containing vessel, and after stand- 
ing 24 honrs, the acid should have but a faint, yellow tinge 
(absence of water, alcohol, and oils). A small portion being 
evaporated from a porcelain plate, the last portions shonid 
have a faint, aromatic odour, without pungency or em- 
pyreuma, while the plate ia covered w^ith a film of motstnre 
free from smell or taste (absence of oils and iree CI). It 
does not affect a solution of AgO,NOs (absence of free 01). 
s are too well known to bo detailed. It ia employed 
in the lAnimentum C'hloroformi, the Mivlura Chlorofarmi, 
and in the Liquor OuUee-Perchee. Simitar compounds with 
Itr and I — C,H,Br3 and CjHIj— are known. 

408. Ethyl Alcoliol; Alcohol, CHsCHO. 

Prep. — By the distillation of liquids which have under- 
gone the vinous fermentation. Synthetically, by prolonged 
agitation of olefiant gas, mercury, and sulphuric acid, d 
H,-|-2(HO,S03)=CjHiO,HO,3SO„Su!phovinieacidiC,H, 
0,HO,280,-|-3HO=C.nsO,HO-f- 2(HO,S0,). This pro- 
cess has been tried upon the large scale, but was not suc- 
cessful in an economical point of view. Although alcohol 
boils at 173", yet, owing to the adhesion betweeu its 
vapour and that of water, and the evaporation of the 
latter, they always distil over together. To obtain 
alcohol free from water, it must be redistilled with fused 
chloride of calcium and e.wess of lime ; it then forms abso- 
lute alcohol. 

Prop. — Absolute alcohol is a colourless, transparent, 
volatile liquid, boiling at 172°, not frozen at any knows 
temperature, inflammable, a. g. 0'7938. It has a slight, 



OKGANIO OHXMISTRr. Sll 

agreeable odour, distinct from that of ordiDary alcohol. 
It attracts water, and when the two are mixed, the bulk 
of the resulting liquid is less than that of its components, 
while an elevation of temperature is noticed. The absence 
of water may be shown by introducing a bit of anhydrous 
baryta, which will fall to pieces if water he present Al- 
cohol is ofGeinal as Alcohol, fortioris, s. g. 0.817, which con- 
tains 92 p. c. of alcohol ; Alcohol, s. g. 835, 85 p. c. ; and 
Alcohol dilutum, proof spirit, made by diluting alcohol 
with an equal meaBiire of water, a. g. 0-941, 39 p. c. 

The t^na proof tpiril was applied originally to alcohol strong 
enough to set fire to gunpowder vben lighted. If IDO toIh. of a 
spirit reqoire 10 vols, of water to bring it to proof, it ie siud to 
ha 10 over proof; if it leqaire 10 Tola, of epirit, 8. g. 825, to raise 
it to proo^ it is said- to be 10 under proof. The etrength of 
proof spirit varies io different localities, and it would be well if 
ao ambiguous a designation were no longer nsed. The officinal 
alcohol dilulum ia below the proof spirit <^ England and most of 
the United States. 

Alcohol has a stiongcr odour than the ahsolutc, and 
contains fasel oils, which may be removed by filtering 
through charcoal, distilling over soap or permanganat* 
of potaesa (Attwood's patent). The Bolvcnt powers of 
alcohol are considerable; it dissolves sulphur and pho»- 
phoiTis in small quantity, iodine and ammonia freely ; 
caustic potassa, soda, and lithia; most of the alkaloids, 
tannic acid, grape sugar, camphor, resins, balsams, vola- 
tile oils, soap ; the fixed oils sparingly, except castor oil, 
which is abundantly solohle in stronger alcohol. Most 
acids and their salts give with it, on distillation, their 
characteristic ethers. All deliquescent salts, except car- 
tonato of potassa, most of tho soluble chlorides, and some 
nitrates, are soluble in alcohol ; all efflorescent salts, those 
insoluble, or sparingly soluble in water, and the metallic 
sulphates, are insoluble. Solutions in alcohol are called 
Tinctures, or SinrUa. 



The uses of alcohol are well known ; the ofBcinal pre- 
parations into which it enters are numerous. Whiskey, 
brandy, port and sherry wines are officinal (397J. When 
burned, alcohol yields HO and COaj slowly oxidised, it 
furnishes aldehyde and acetic acid. 

409. Elher, Wine ether. Sulphuric ether, 041150. 

Frep.—'Sj the action of HO,SOs upon alcohol. The 
products depend upon the temperature at which the mix- 
ture boils, which, in turo, depends upon the relative pro- 
portions of its constituents. Below 2G0°, alcohol distils 
unchanged ; betweerf 260° and 310°, ether comes over 
with some alcohol and water ; above 320°, the mixture 
chars; oil of wine, C Jl4,S0a+ C.HjO.SOj, olefiant gas, 
C,Hi, and other products are obtained. By the continuows 
ether process, a mixture is made in such proportions as 
to boil at about 286°, and fresh alcohol is constantly sup- 
plied so as to maintain that temperature. The sulphuric 
acid undergoes no change, and may be used for the con- 
version of an indefinite quantity of alcohol into ether. 
The theory is not well understood. It is certain that 
alcohol, CjHsO,HO, under the influence of the' HO,SO» 
splits up into C^HsO and HO, but why is not yet obcot- 
tained. It is genetally supposed that aulphomnic add, 
CiHiO,H0,2SOa, is formed and again decomposed; C4HBO, 
HO,2S03+2HO=C4nsO-)-HO+2(nO,SO,). The etiwr 
and water which distil over form distinct layers, and are 
easily separated. The ether is then agitated with SO, 
COj, and redistilled, forming the officinal ^ther. This 
yet contains alcohol and water, to remove which it is 
shaken with water to remove alcohol, then mixed with 
fused CaCl and quickiime, allowed to stand twenty-four 
hours (to remove water) and redistilled, ^ther forHor, 
washed ether, lelheon. 

Prop. — Pure ether is a colourless liquid, of a peculiar, 
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pleaaant odoar, boiling at 98'', not Trozen as yet, e. g. 
0-7J3, producing from its volatility cold by evaporation ; 
it is very inflammable, and ita vapour miscd with air ex- 
plodes. Is soluble in 10 parts water, or will take up j\ 
of that liquid. When held ia the hand, it will boil vio- 
lently, if a fragment of glass be dropped iuto it. On 
evaporation, it should leave no empyrenmatic odour, but 
only a film of tasteless moisture. It dissolves fata and 
oils; also I, Br, P, HgCI, and most of the alkaloids. 
I3 used as an anesthetic and diffusible stimulant ; cx- 
temally, its spray ia used to produce local aneestheeia 
(195). 

410. Spirilua ^theris Composilue, Hoffman's Anodyne. 
Prep. — ^. Athens Oj, Alcohol Oj, Olei ^Iherei fsvj. 

M. The ethereal oil Oleum ^Ihereum, heavy oil of 
wine, is obtained by diatilling alcohol and sulphuric acid 
at a temperature between 312° to 322°; it is diluted 
with an equal measure of washed ether. It is regarded 
as a double sulphate of ether and ethylene, CjH|iO,S03+ 
CjHjSOj. It is a heavy oil, sinking in water, in which it 
eparingly dissolves; it does not precipitate with baryta, 
but forms a soluble sulphovinate of that base. 

Frop. — But little true Hoffman's Anodyne ia found in 
the shops. It is sometimes adulterated with fixed oils. 
It should give no precipitate with BaCI, or only a slight 
cloudiness {absence of HO,SOj). When a few drops are 
burned on a glass or porcelain plate, there is no visible 
residue, but the surface will be left with an acid tast« and 
reaction. A pint of water is rendered slightly opalescent 
lUpon the addition of 40 drops. It is a popular stimulant 
And antispasmodic. 

411. Spirilug ^Uteris Nitrosi, Sweet Spirit of Nitre. 
Prep. — By distilling Acid. Nilric. and Alcohol in ex- 
cess, and redistilling over carbonate of potassa. It is a 
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Bololion i<r 4-3 to 5 p. c. of nitrite of ether, C*ir.O,NO„ in 
alcoiiul. Pun? nitrite of ether is a yellowish liquid, of aa 
*gm'aU\t< smell like apples, s. g. 0'94T, and boiliug at 63°. 

Prop. — A colourless volatile liquid, of a frngrnat, ethe- 
rpal odour; boils at 145°; b. g. 0837. Becomes add 
when kept in badly stoppered bottles, acetic acid being 
formed. It may also contain aldehyde; this gives a 
browD colour when mixed with solution of potaasa. The 
prcseneo of any acid in excess is shown by its action on 
litmus and by the usual tests. It is often adulterated by 
mere dilution with alcohol and water. 

Other Compounds of £ther.— The Nitrate, Sulphate, 
and Sulphite have been obtained. The acetate of ether 
(acetic ether), and chloride of ethyl, C.UjCl (muriatic 
ether), are sometimes used in medicine. The iodide of 
ethyl is much used in chemical research ; the bromide and 
cyanide are also known ; in fact, the entire series of com- 
pounds of ethyl with the amphigens and halogens, and of 
ether with the acids, is nearly complete. 

412. Acetio Acid. HO,C,H,0,. 

May be formed, (1) By the direct oxidation of alcohol; 

(2) by the oxidation of alcohol by means of a ferment ; 

(3) by the distillation of wood. It exists in the sweat ] 
and some other secretions. 

1. Platinum black possesses the power of directly oxi- 1 
dising alcohol, being itself unchanged. This plan haa J 
been tried in the manufacture of vinegar (Dobereiner'a 1 
process), but is not economical on account of the high I 
first cost of platinum black. 

2. Weak (not over 10 p, c.) alcohol, such as stale beer, 
cider, wine, etc., mixed with a ferment (vinegar is the 
best), and exposed to a somewhat elevated temperature, 
74" to 86°, absorbs oxygen, and gradually becomes acetic 
acid. The stronger the alcoholic solution, the sloi 
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process ; under favourable circumstances it is complete in 
from 4 to 6 weeks. The process is often accompanied 
by the development of a plant, the mycoderma, aceli, or 
mother of vinegar. Frequently flies, wiwscas cellaris, and 
eela, vibriones aceli, are found ; and if made of weak alco- 
hol, it will sometimes undergo a sort of viscous or putre- 
factive fermentation. This is prevented by adding a little 
alcohol after the change is complete (403). 

In the quich vinegar process, the "wash" or weak 
alcohol is passed through beech ghavings or powdered 
charcoal moistened with vinegar, air being freely supplied. 
A perceptible elevation of temperature is noticed, fusel 
oils are oxidised into ethers, and the process is complete 
in a day. On the large scale, common whiskey is used. 

3. During the distillation of wood, especially the harder 
varieties, a large quantity of acetic acid is formed wliich 
is charged with tarry matters, crude pyroligneous add. 
By saturating this with lime, the tarry matters are left, 
and by decomposition with HO, SO,, the acetic acid is 
obtained. 

Monohi/draled acetic acid, glacial acetic acid, ice vinegar, 
may be procured by distilling 83 parts by weight of fused 
acetate of soda and 100 of HO,SOa. It is a volatile, in- 
flammable liquid, boiling at 248°, and solid at 40°. It 
blisters the skin, and is soluble in water, alcohol, and 
ether ; dissolves camphor, the volatile oils, and several 
resins. The anhydrous acid has been obtained. Acetic 
acid is officinal as Acelum, Acetum deslillatum, Addum 
aceticum, and Addum Acelicum diiutum. The Aceta 
Colched, Lobelias, OpH, Sanguinarix, Scillx, are also 
officmal. 

Acelum, Vinegar. — Impure dilute acetic acid, obtained 
by fermentation. 

Prop. — A well-known liquid, of an agreeable, acid sniell 
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and taste. It contaios, besides acetic acid and wal 
gum, eugai, gluten, sulphates, and often tartaric and malle 
acids. Sulphuric acid is detected by hoiiing with CaCI, 
(BoCI would be decomposed by sulphatea existiag nor- 
mally), HCl by AgO,NOj, and injurious metala by H8. 
A fluidounce is saturated by not less than gr xixv Potass, 
bicarb., and after saturation the liquid is free from acrid 
taste. 

Acelum destillalum, made by distilling from Oviii A: 
to Ovy. It contains a little aldehyde. It is wholly voiatil 
ised by heat, and is not affected by the tests for the metals 
generally. It is of about the same strength as Acid, 
acetic- dilut.; 100 grains should saturate not less than 76 
ftrs Piitass. bicarb. (5 p. c. of H0,C.HjOa). 

Acidum Acetictim. — Acetic acid, s. g. TOil. 

Prop. — A colourless liquid, having a pungent odour 
wholly volatilised by heat, and not affected by the iesM 
for HO, SO}, HCl, or the metal?. One hundred frrains satn- 
rate gr Is Potass, bicarb., and contain gr xxri HO.C,H)0^ 
A convenient method of determining the strength of vin- 
egar is to suspend in it a weighed fragment of pure marble; 
when action has ceased, wash, dry. and weigh it Tl 
loss will be five-sixths of the HO.C.HjO, present ; CaX^\ 
CO,— 50; HO,C,H,O,=60. 

Acidum Aceticum dxltitutn. — B. Acid. Acetic. <>j. Ai 
DestiUalie Ovii. M.; s. g. 1006. 100 gra saturate T-6 
Potass, bicarb. It contains 5 p. e. of moaobydrated 

413. Butyrio Acid. HO,OJ1,0^ 

Prfp. — By the butyric fermentation (401). Exists 
In putrid flesh, sweat of the feet, armpits, etc. 
sauerkraut, Liuiburger cheese, etc. ; and combined inbnl 
ftnd cheese. 

Prop. — Is an offensive, inflammable liquid, boiling 
IM", and solid at —133', The botyrate of ether, bot^ 
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ether, C,HsO,CaH,Oi, when dilated, has tie odour of pine- 
appiee, aiid is used in making confectionery and fuctitioua 
brandy. 

414. Amyllc Alcobol, Alcohol Amylicum, fnsel oil, C 
H„0,HO. 

Prep. — By continuing the distillation of erade corn 
or potato whiskey, after the greater part of the alcohol 
has come over. The namo is also applied by distillers to 
the light oila which come over at the beginning of the 
proc«BS. 

Prop. — When pure, a colourless, oily liquid, of char- 
acteristic odour, producing much irritation of the fauces 
when inhaled, and poisonous ; s. g. 0-818 j boils at 269°, 
Bolid at — 4°. la sparingly soluble in water, freely so in 
alcohol and ether. It burns with difficulty, dissolves fats, 
resina, camphor, sulphur, and phosphorus, 

Amylene, C.oH,,,, has been used as an aniesthetic, but 
abandoned as dangerous. 

415. ValeriEmic Acid, Acidum Valerianicuvi, HO, Co 
H,0^ 

Prep. — By oxidising fusel oil ; generally, by the action 
of KO,2CrOi and HO,SO^ Exists in valerian root and 
other vegetables ; does not exist in the animal orgaaiam. 
The same ia true generally of the acids of this group, the 
carbon of which is not divisible by 4. 

Prop. — A colourless liquid, of an acrid, burning taste, 
boiling at 17G°, and soluble in 26 parts water. The vale- 
rianates of soda, ammonia, zinc, and qninia are officinal, 
and that of morphia is much used. They are all anti- 
spasmodic. The acid is not given in the free state. 

The acids homologous (384) with valerianic, and hig^ 
the series, are numerous ; some will he consider^ 
the head of Fats. Oaproic, liO,CaR„0,; 
C,oH|,0,; Cnpric, HO.CalliA. accompap' 
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the swent, etc. ; Pelargonic acid, combined with CS^O, 
in the bouquet of wine, and in the quince ; it may be made 
BrtiBcially by the oxidation of oil of rue. 

Valorianate of the oxide of amyl, C,oHuO, C„U,0„ di- 
I, gives artificial apple essence ; acetate of the same, 
CioH„0, C.HjO,, the pear essence; coccinate of oxide of 
olhyl, C^HjO, CaHnO,, the quince. Mixtures of these give 
various other fruit essences. Butyric ether has been be- 
fore mentioned. 



m. RADICALS NOT HOMOLOGOUS WITH 
ETHYL. 

416. Benzyl, or Benzoxyi CnHisOi. — Has been isolated 
as a colourless, fragrant liquid. _ 

Hydride of Benzyl, C,iHsOi,H, Oil of bitter almonds } J 
Oleum Amygdalee amarte. ^M 

Prep. — By distilling the bitter almond with water. It ^ 
does not pre-exist in the kernels, hut results from a quoii 
fermentation of AmygdaUn, C^H^jNOj^ under the iaSuence 
of a pulpy, albuminous substance, Syniptase; glucose and a- 
hydrocyanic acid being formed at the same time. 

Prop. — The officinal (crude) oil has a yellowish colour, ' 
bitter, acrid, burning taste, and characteristic odour, s. g. J 
1'052 to r082. It contains HCy, and is sometimes pro^ | 
scribed as a sedative. As the proportion of this active In- I 
gredient is variable, bitter almond oil should never be e 
ployed. When used as a flavoring materia! for cakeS, the' 1 
HCy is driven off during the baking. The pure oil i 
ootoorless, s. g. 1'043, inflammable, soluble in 30 parts 1 
water, and freely in alcohol and ether; it is not poisonou^J 
On exposure to the air it o.iidises to benzoic acid. 
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417. Beuzoic Acid, Acidum Bemoicuvi, C|,HjOi,0,HO, 
is the alcohol of the series ; the anhydrous acid has been 
obtained. 

Prep. — From, the true bdleama, generally by aublima- 
tion from gum benzoin ; also by boiling the gum with 
lime, and precipitating the benzoic acid by HOI. la also 
procured from the putrid urine of horses and cows, occur- 
ring here from the decomposition of hippuric acid. 

Prop. — When obtained by sublimation, is in light, 
feathery, colourless crystals, having a faint, agreeable 
smell, melting a little below 213°, soluble io 200 parts 
cold and 25 of boiling water ; its solubility may be in- 
creased by the addition of borax or phosphate of soda. Tt 
is freely soluble in alcohol. Benzoic acid is an ingredient 
in paregoric; it has been used in renal and vesical affec- 
tions. The benzoates are all soluble. By distilling the 
benzoate of copper, an oil having the odour of the rose 
geranium is obtained, which is Bemyl, the radical of the 
series ; by the action of KO,HO it is converted into ben- 
zoic acid. Among the products of the destructive distilla- 
tion of benzoate of ammonia is bemonitrile, C,sHsC,N, 
which has exactly the odour of the bitter almond oil; it 
must not be confounded with nitrobenzol, C„HsNO„ which 
has somewhat similar properties. 

4 IS. Benzole, Ci^H^ 

Prep. — By distilling benzoic acid with lime, or in the 
more volatile portion of the oil obtained by distilling coal- 
The benzine obtained from petroleum is a distinct 
body; it is used as a substitute for turpentine, and to dis- 
solve grease. India-rubber, etc. 

Prop. — A thin, limpid, colourless, inflammable liquid, 
s. g. 0-855, boils at 176", solid at 32°, It may be re- 
garded as the hydride of the radical Phenyl, C|,Hj, of 
ich benzom'triie is the cyanide, CuHsC^N. Nilroben- 
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bulie acid, dHsO.HO, the alcohol. 

Nitrobenzole, Essence of Mirbnne, CllH6N0^. 

T'rcp. — By the action of HO,NOs upon C^Hs. Ben- 
zinc from petroleum docs not yield it. 

Prop. — A heavy, yellowish, sweet liquid; s.g. 1-209; 
having an odour resembling somewhat that of bitter 
almonds, or the vernal groBS. It boils at 415°, is insolu- 
ble in water. Is used in perfumery. Is highly poisonous, 
whether inhaled or swallowed; the symptoms in some 
cases not appearing for days after it has been taken 
(Letheby). Is converted by nascent hydrogen into ani- 
line, CuHsN0,+He=NC,aH,+4H0, and is found as such 
in the tissues and secretions after death. 

Phenic, or Carbolic Acid, C„HsO,HO. 

Prep. — Is among the products of the distillation of 
coal-tar. 

Prop. — ^When pure, a colourless, deliqueseent, crystalline 
solid, having an odour like creasote, and a caustic taste. 
It fuses at 95°, and vaporises at 310°. Is used as a caus- 
tic and antiseptic. Cresylic acid, C„HsOj, also obtained 
from coal-tar, resembles carbolic acid in its properties. 

418. Clmiamyl, C,aH,Ot 

Is the radical of a series of which the hydride CuH,Oi, 
H, Oil of Cinnamon, Oleum Cinnartwmi, is the only mem- 
ber employed in medicine. Oil of cinnamon may be arti- 
ficially prepared by the oxidation of Styrone, which is ob- 
tained by the distillation of storax with caustic potassa. 

419. SaUcyl, C,.HsO„ 

Is the radical of a series of which the hydride is iden- 
tical with the Oil of Spirasa ulmaria, or Meadow-sweet, 
s obtained from Saiic-in {CmHi.Ou), a crystalline, bitter 
ip, derived from the bark of the willow, poplar, etc. 
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Sulicin may be artificially made by the action of caustic 
potaasa upon the Oil of Oaullheria procumbens, Oleum 
Gaullherix. Salicin is employed as a substitute for quiDia. 
Phloridzin, C^^O^+i'B.O, is an analogous substance 
found in the bark of the root of the cherry, apple, etc. 

420. Kakodyl, C,H,As=2(C,H,)A9, or Kd. 

Forms a large aeries of compouuds mostly of a highly 
offensive and poisonous character. The radical itself has 
been isolated as a thin, colourless liquid, and from it all 
the compounds may be directly formed, giving us the most 
perfect example of a quasi metal known. It may be 
regarded as a conjugate compound of two eq. of methyl 
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Oxide of Kakodyl, CjHsAs.O, or KdO, Alkarsin, Fuming 
Liquor of Cadet. 

Prep. — By distilling equal weights of acetate of po- 
tassa and acsenioua acid. May be formed by the direct 
union of kakodyl with oxygen. 

Prop. — A colourless, ethereal liquid, of a highly offen- 
sive smell, irritating the nose and eyes, and very poison- 
ous. Boils at about 302°; s. g. 1-4G2. Takes iire sponta- 
neously in the air, burning with a pale flame, producing 
carbonic acid, water, and arsenious acid. 

From the oxide, the other members of the series may be 
formed. The chloride and cyanide arc especially poison- 
ous. Kakodylic acid, KdOj, Alkargen, formed by the oxi- 
dation of Kd or KdO, is a solid, soluble in water and 
alcohol, and not poisonous. 
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IV. ORGANIC ACIDS. 
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il' 
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Tartaric, 

Racemic, 

Citric, 

Malic, 

Tannic, 

Gallic, 



Not oxides of known radicals, and not otherwise clasM- 
fied. 

2HO,C8H40». 

2HO,C8H40mh 
3HO,CuiH50„+HO. 
2H0, C8H4O8. 

3HO,C54H,903i. 

3 H O , C 14H.3O 7. 
Pyrogallic, Ci2H60e. 
Metagallic, C12H4O4. 

421. (a) Tartajic Acid, Acidum Tartaricum, 2HO,C8 

H40,o. 

The acid of grapes, tamarinds, etc.; is obtained from the 
deposit in wine casks (Argols, Crude Tartar), which is im- 
pure Acid Tartrate (Bitartrate) of Potassa. 

Prep. — By decomposing the acid tartrate of potassa, by 
carbonate of lime ; and the resulting tartrate of lime, by 
sulphuric acid. 

Prop. — Transparent, colourless crystals (4th system), 
containing two eq. of basic water. It is soluble in its 
weight of cold, and one-half its weight of boiling water. 
Forms tartrates, of which those of potassa, and the double 
salts of potassa and soda, of iron and potassa, and of anti- 
mony and potassa, are officinal. 

Tests. — Gives white precipitates with lime and baryta 
water, and acetate of lead ; soluble in excess. With po- 
tassa, when the acid is in excess, a sparingly soluble white 
acid tartrate (Bitartrate). Used in preparing effervescing 
mixtures, as the soda and Seidlitz powders ; also, as a 
cheap substitute for lemon-juice or citric acid. 
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(b) Racemio Acid, 2HO,C,H«0,o. — Is found in the 
juice of sour grapes. It is isomeric with tartaric acid, 
which it closely resembles is all its physical and chemical 
properties. It may bo distinguished by its affording apro- 
cipitate with CaCl. 

422. (c) Citric Acid, Acidum Gilricum, SHO.CijHsO,,. 
The acid of lemons, limes, etc. 

Prep. — By saturating lemon-juice with chalk, and de- 
composing the citrate of lime thus formed by sulphuric 
acid. 

Prop. — Transparent, right rhomboidal crystals C4th 
system), permanent in tlie air ; aoluble in | its weight of 
cold and ^ of boiling water. The crystals contain four 
eq. water, three of which are basic ; it is, therefore, tri- 
baaic. It forms citrates, of which those of potassa, mag- 
nesia, and iron are officinal. It should give no precipitate 
with a potassa gait. 

Tests. — The citrates of lime, baryta, strontia, lead, 
and silver are insoluble and white. 

ed. Effects. — Used in mating acidulous drinks and 
efiervescing draughts. 

(d) Halie Acid. — The acids of apples, pears, garden 
rhubarb, etc. 

Prop. — It is bibasie, and forms malatea. Is not used 
In medicine. 

{e) Tannic Acid, Acidum Tannicum. 

433. (/) Gallio Acid, Addum OaUicum. 

These acids constitute the astringent principle of vege- 
tables. Their acid character is not very marked. 

Prep. — Tannic acid is best prepared on the small scalo, 
by pouring ordinary ether upon powdered galls in a dis- 
placement apparatus. The water of the ether dissolves 
the taunic acid, while the ether retains tbe impurities. 
The two separate into layers ; they are separated, and 
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the tannic acid obtaiDcd by careful evaporatiuu of 1 

Prop. — TaDnic acid is a slightly yellowish, friable, 
porous mass, without the slightest teodeiicy to cryetalli- 
sation. It hns a pure, astringent taste ; is freely soluble 
in water, alcohol, ether, and glycerine ; reddens litmua. 
It precipitates albumen, gelatin, starch, glut«Q ; the salts 
of lead, copper, silver, mercury, teroxide of autiiuony. 
protoxide of tin, scsquioxide of iron ; Eulphuiic, nitric. 
hydrochloric, phosphoric, and arsenic acids insoluble id 
Oleosa of acid ; the alkaloids, the precipitate being solu.- 
blo in the vegetalile acids, — hence it is not to be fii^^ 
relied on as an antidote. 

mber of rarioties of tnnniu auid are .enunienite<Ii t^at 
from (calls being diBlinguUbed as gallo-ta-aoio acid. The most 
important of these are : Catechu-tannic, from ciit«c)iu ; thia does 
not precipitate tartar emetio, but throws down a grayish-f;reen 
precipitate with the ferrous, and a brownish-green one with the 
'c ealta. Cooco-tannie, from kino, d<)BB not preoipitale tartar 
emetic. Qucrco-tannio, from oak-bark, does not yield gallie 

424. Gallic Acid. — Prep. By the spontaneous fermen- 
tation of tannic acid when kept moist in a warm plac 
about a moath. Oxygen is absorbed and an equal Toliime 
COj evolved. 

Prop. — In white, silky crystals, which melt and bum 
when heated, soluble in 100 parts of cold and 3 of boiling 
water. It does not precipitate gelatine or albumen, 
gives a blue-black precipitate with the ferric salts, whicb J 
disappears on heating the liquid. 

Pyrogallic Acid, Ci^HfO,, is prepared by heating Kall{#fl 
acid to about 420° ; it sublimes in the form of brilHnlft J 
white plates. C„H60|o=C„H,0,+ 2COf 

Prop. — It is soluble in water, has energetic reducinj* 
powers, and hence is used as developer in photography. 
The pyrogallate of potassa absorbs a cOD^idorable por- 
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tion of oxygen, and has been used in the analysis uf air. 
Upon the application of heat, water is evolved, and meta- 
gallic add remaina; Cu,H:sO,=CuH,0«+2HO. It is a 
black, shining; mass, resembling charcoal, insoluble in 
water, soluble in alkaline solutions, from which it is again 
precipitated black by acids. 



V. ARTIFICIAL ORGANIC BASES. 



425. These are exceedingly numerous ; they are mostly 
svhstitulion compounds (383j. The following examples 
-will illustrate the almost infinite number which may exist. 

(1) In dry ammonia, NIIj, one, two, or three equivalents 
of H may be replaced by the same or by different radicals. 
Thus, NHj,CiHs eiAi/i-aminc, NHCC,Hs)j dielhyUmine, 
and NCC.HsJj trithyi-a.mme ; NC,H„ C,H„ C^H,o, methyl-, 
ethyl; amyl-amiae. These bodies have aU more or less 
physical analogy to NHj, and are all well-marked bases. 
Where one of H is replaced, an amidogen base is formed ; 
where two of H, an imidogen, and where all the K, a 
nilrile. 

(2) Ammomum, NH„ is known only in combination 
(275). In its compoands we may in like manner replace 
the H. Thus NH.Cl may become chloride of ethvlammo- 
nium, NHAHsCl, or diethylammonium, NIl4C*Hs).Cl, 
etc. ; or we may replace the H by distinct radicals, as NCj 
H,,C.HiC,jH5,C,oH„CI, chloride of methyl-, etbyl-, phenyl-, 
amyl-ammonium. Like ammonium, these substitution 
products are not iaolable, but as hydrated oxides they 
form bases analogous to NtI,0,HO. 

(3) The H of the introduced radical may be further re- 




Btbtomaiiiline, 

Tribrwnanflnif, 

Xitmuline, 

ZiTKaniUne, 

EtbTlanilme, 



(4) Tbe DHrogen of the ammomA, or unmomam, n 
be replaced hj- P, As, or Sb. Thos : 
PfC.Hs)^ Trielhylphosphitie. 
8b(C.Hi),I, Iodide of tetrethrlestibammoniom. 
A3(C\H,)> Triethylaraine. 

These compoand^ are sometimes foond in organic bodies, 
or &i products of Ibeir decompoeition. 

42G, Propylamine C,H^'=SB^C(H;, is metameric (384) 
with Ethylmethylamine, >'H,C,H^C*Hi, and Trimethyl- 
amine, >i(C,H,)j, 

It may be obtained from the following bodies by distil- 
lation with lime or potassa — narcotina, codeia, and ergot ; 
It exists also in bone oil, the leaves of Chenopodiom vu]- 
varia, several species of Cratiegns (white thorn), herring 
or uod-Ugh pickle, alcohol in which anatomical preparations 
have been kept, human nrine, etc. It is probable that in 
HOmo cases tbe bodies extracted are not identical ; that 
from herring pickle is trimethyl amine. 

Prop. — It is a clear liquid, of a pungent, ammoniacal 
odour, and giving white fumes when a rod dipped in HCI 
is held near it. Tliat from Darcotine and herring pickle 
han a fiBh-smcll like many of the methyl compounds. The 
muriate has been used in rhenmatUm, ia dose of gr iij to v. 
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Aniline, Phenyl amine, NH,C,iHs. 

Frfp.^'By the action of nascent H upon Nitrobenzolo 
{il8) ; C,3H5NO.+Hs=NH,C„H,+ 6HO. 

Prop. — A colourless oil, of an aromatic odour aad yi- 
nouH taste ; s. g. 1'2 ; boils at 360°. Its salts aad deriva- 
tives are used as colouring matters. It is poisonous like 
Nitrobenzole, but the symptoms are not delayed as in the 
former. Its sulphate is less poisonous ; it has been ad- 
ministered in chorea in doses of gr j to vii. It produces 
B transient blueness of the skin and lips. Aniline is de- 
tected by the blue colour it affords with hypochlorite of 



VI. THE ALKALOIDS AND ALLIED 


PRINCIPLES. 




SrllABOB. 


Morphia, 


C„H„N0a+2H0. 


Narcotina, 


C«H2,NO,.+2HO.? 


Codeia, 


C„H„N08+2HO. 


Thebaina, 


C„H„NO,. ' 


Xarceiaa, 


C„H,NO,. 


Opisna, 


o„ir„N,o„ 


Papaperina, 


c.n„NO» 


Phormia, 


C,H,NO,. 


Metamoq)hi 


a, ? 


Quinia, 


C„H„N,0i+6H0. 


Quinidia, 


C„Hi,NA+2H0. 


Cinchonia, 


C.H.NA. 


Cinchonidia 


c..n,N,o. 


„ Strychnia, 


0„H„X,0,. 


1 ""-». 


C«H^NA-(-8nO. 



HIHMI 


■jj^^^^l 
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^^ Igasuria, 


^^^^^1 


^ft Yetatria, 


^^^^^H 


^^ft Aconitift, 


C,A,NO„ ^^^^B 


^M Atropia, 


c^,^o, ^^^^H 


^^^^^ ^ Emetia, 


c^,^o, ^^^^M 


^^^^^^ Berberina, 


cji„m, ^^^^B 


^^^^^K ~ Bebeerina, 


C.H,^'0> ^^^H 


^^^^^C 


C,H.NO, ^^^^H 


^^^^^^^^ 


C„H^-0, ^^^H 


^^^^^C 


C„H„N.0.+2H0. -*^H 


^^^^^^r Theobramioa, C„H,N,0^ ^^B 


^^^^^^^K 


c,H,.K -^^^^m 


^^^^V Conhjdrina, 


^^^^^H 


^^^^^H 


^^^^H 


^^^^^^^K Picrotoxine, 


-^^^^1 


^^^^^H Santonine, 


^^^H 


^^^^^B Phloridziii, 


C.H>0.+ 1H0. ^^^^H 


THE 


ALKALOIBS. ^M 


427. The (erm alkaloid has been applied to the bases ex- ^| 


i sting in vegetables and i 


ipoa which their activity depends; ^^H 


closely allied to them a 


re certain nenter and acid bodies ^H 


derived from similar sou 


rces. The alkaloids always exist ^H 


ill combination with an 


acid, which is generally common ^^H 


to all the bases of the sb 


me plant Only the most impop. ^H 


tant will bo considered. 


■ 


Prep. — This is almost always conducted on the larg* ^^ 


scale. The following r 


Qay be given as a sketch of th4 ^H 


process, which however ■ 


varies greatly. A solution of thq ^^M 


principles of the plant 


is made in water; acid being ^H 


added, if necessary. To this is added a base which unitflB ^H 


with the vegetable acid, ^^ 




in water, precipitate. They are dissolved by hot alcoh<rf, ^^H 


— 1 
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Prop. — They are generally solid and crystalline, in- 
soluble or nearly so in water, more soluble in alcohol, 
ether, and chloroform, and freely ao in dilute acids with 
which they combine. They haye all a more or lesa distinct 
alkaline reaction. Their taste as well as that of their 
salts is bitter, and they' are mostly poisonous. Tannic 
acid, which precipitates all of them from solution, and ani- 
mal charcoal, are most to be relied on aa antidotes, the 
stomach being always promptly and thoroughly evacuated, 
and the general symptoms combated by appropriate meas- 
urea. Bouchardefs Antidote consists of gr iij lodinii, gr 
TJ Potass, iodid. in Oj Aquee, given in wineglassful doses ; 
it is contraindicatxid in poisoning by digitaline. 

Tiets. — The separation of the alkaloids in cases of 
poisoning is difficult, and it is impossible to enter into 
details io a work of this compasa. The general methods 
followed are: 

(1) Dialysis. — The contents of the stomaeh, acidulated 
with acetic acid, are placed in a basin over which a bladder 
is tied; it ia then inverted in a vessel of distilled water. 
In the course of 48 hours the alkaloid will be found in the 
latter, which is then to be cautiously evaporated to dry- 
neaa (Letheby), 

(2) ByAnimal Charcoal. — The suspected liquid, neutral 
or nearly so, is digested for several hours, with occasional 
lihaking with two or three ounces of pure animal charcoal, 
which absorbs the alkaloid. After draining and washing 
with cold water, the charcoal is boiled with about half a 
pint of stronger alcohol for half an hour, in a long-necked 
veaael to prevent much loss by evaporation. The alcohol 
is distilled off, the residual aqueous solution of the alkaloids 
heated with a few drops of liq. polassse, and agitated with 
ether. This will remove all alkaloids soluble in that men- 
struum (Graham and ITofinannl, 

28 » 



3S0 



MBfitOU:. OHKHIBXBY. 



L 



(3) Merck's process consists in the use of etrong 
acid, and afterwards of alcohol alone and acidulat«d witiK^ 
acetic acid, evaporating neorly to ilryneee, neutralising 
with carbonate of potasea to precipitate the alkaloids 
these are ^\'aEhed with cold distilled water, and again dis^ 
solvod in concentrated acetic acid. 

(4) Slants process consistn in extracting the alkaloids 
digesting with strong alcohol acidulated with tartaric 
precipitating by bicarbonate of soda, and redisaolving 
ether. 

Even when the alkaloids are obtained in a tolerab^ 
pnre atate, the testa require great caution to avoid faUacy. 
For the quantitative determination of alkaloids in phar- 
maceutical preparations the iodohydrargyrate of potassium 
(367) may be used. Aconitia and Berberina require 
amount of the solution equal to one equivalent of mercu: 
Atropia, Strychnia, Erucia, Narcotina, and Teratria, eqi 
to 2 eqs. ; Morphia and Conia, 3 eqs, ; Kicotina 4, 
Cinchona alkaloids 6 eqs. 

42S. Alkaloids of Opium.— Those are Morphia, 
cotina, Codeia, Thcbaina, Narccina, Papaverina, Phormi 
Opiana, and Metamorphia. They fixist in combinal 
with Meconic acid, 3HO,C„HO„ + 6HO. 

Oeneral Testa for Opium. — The presence of meconic^ 
acid is conclusive. It is extracted by means of alcohol 
acidulated with HCl, the solution evaporated to diyness, 
rediftsolvod, neutralised with magnesia, and again acidu- 
lated with HCl. The solution strikes like the sulphocy- 
anides a blood-red colour with ferric salts. That of Me- 
conic acid is vol affected by a solution of terchloride pf, 

Morphia. — Prop. Small, brilliant, transparent, eoloi 

is, rectangular crystals (3d system), solubie in H 

parts cold, 401) boiling wnter, \i parts boiling and 20 
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cold alcohol, 200 of chloroform ; freely in fixed alkalies, 
eparingl; in ammonia; ie insoluble in ether. By the 
action of acids forms a aeries of soluble, colourle^is, bitter 
salts. It is fusible without decomposition, and entirely 
volatilised by heat. It Htrikos a blood-red colour with 
nitric acid ; (ho do Brucia, Delpbia, and commercial Strych- 
nia.) It decomposes iodic acid, liberating iodine. In 
powder or concentrated solution, it gives a characteribtic 
blue colour with FcjClj. The salts of morphia, which are 
made by direct combination, are colourless, soluble in 
water and alcohol, and insoluble in ether. Morphias eul- 
phai is in feathery crystals, sometimes mistaken for 
Quinix sulphas; it is freely soluble; the crystals contain 
6 eq. of water of crystallisation. The Liquor Morphias 
SulpJialis contains gr j to f,5j Aquas. Morpkise Marias is 
rather more soJuVile ; Morpkix acclas is generally in pow- 
der, requiring a little free dilute acetic acid to render it 
freely soluble. The Valerianate is much used. Hose of 
Morphia and its salts, gr ^ to ^. 

NarcoHna, C«IIj3N0„ -|- 2H0 ? — Is separated from 
opium or morphia by ether, in 100 parts of which cold or 
60 boiling it is soluble. It is insipid, feebly basic, gives 
an orange tint with nitric acid, and a greasy stain to paper 
when melted on it ; sulphuric acid, with a trace of nitric, 
gives a blood-red colour. It is not narcotic, and has been 
employed as an antiperiodie in as large a dose as gij. 
Proper dose, gr v to x. Is but little used. 

Codeia, C„H„S06+ 2H0. — Is freely soluble in alcohol, 
ether, and in 80 parts cold and 1 ^ of boiling water. It does 
'not react with ferric salts ; is coloured yellow by nitric acid. 
It produces tranquil sleep and much itching of the skin. 
Is less active than morphia; is given in dosos of Jto i gr. 
It is generally present in commercial salts of morphia. 

Narceia, C;oH„NO,i. — Ih insoluble in other, soluble in 
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230 parts of boiling water, and readily in alkaline i 
tione ; it combineB with difEeulty with mineral acids ; 
salts are coloured blue by a little water, become colourless 
on dilution, and blue again on abstracting a portion of the 
water by fused chloride of calcium. It is the most nar- 
cotic of the alkaloids, the sleep produced by it being tran- 
quil and not easily broken (Bernard). It appears to have 
a special action on the lumbar portion of the spinal cord 
(Ozanman). 

Thebaina, or Paramorphia, CajHiiNOj. — Kesembles iii' ( 
appearance narcotina ; soluble in ether and alcohol, but 
nearly insoluble in water. It is cry stalli sable with diffi- 
culty ; the same is true of its salts. The solution of ita 
muriat* leaves a resinous mass on evaporation. It is the 
most poisonous of the opium alkaloids, but is not narcotic^ 
causes tetanus (Magendie) ; is excitant to the cervical pufr' | 
of the spinal cord (Ozanman). 

Papaverina, CioHaNOs- — In small crystals, which give 
a blue colour with HO,SO, ; with ECl in excess forms in- 
soluble crystals of a high refractive power. It is insolable 
in water, and sparingly soluble in alcohol and ether. It iS' 
rather stimulant than narcotic in its effects. 

Phomiia, or Fseiidomorphia, C^^HsNOv, occurs but sel- 
dom in opium. Its reactions with nitric acid and the fenie 
salts are similar to those of morphia, but it is not poisoR'i'' ' 
ous. It does vot decompose iodic acid, 

Opiana, C^Kst'S./),!. — Is soluble in alcohol and ether. 'J 

Paper moistened with it becomes red on e.xposure to tfae*l 

fumes of HCI (Merck's teat for opium). Metamorphia i»-t 1 

unimportant. 

429. Alkaloids of Cmchona, 

These are Quinia, Quinidia, Cinchotiia, and Cinchonidiftf^l 

which exist in combination with Kinic acid, 2HO,0itHu^,^ 

Quinia. C„H„XA+GirO. 
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Prop. — la generally flocculent, but may be obtained in 
crystals ; fuses at 300° without change ; ja soluble in 400 
parts cold and 360 of boiling water ; in two parts of alco- 
hol or chloroform, and 60 of ether; also soluble iu the 
fixed and volatile oils. Its salts are sparingly soluble in 
water, unless an excess of acid be present. The tannate, 
tartrate, oxalate, and acetate are insoluble ; tartaric acid 
does not cause a precipitate with acid watery solutions of 
the sulphate. The alkaloid and its salts are characterised 
by the emerald-green colour produced by the action of 
chlorine water followed by ammonia. Quinidia, which 
gives a similar result, ia distinguished by sparing solu- 
bility in ether. A solution of the sulphate, mixed with a 
little acetic acid and alcohol, gives with tincture of iodine 
emerald-green plates, which are nearly colourless by trans- 
mitted light, which they po/ame (Herapalh^s salt, arlificial 
tourmaline). Aqueous solutions of its salts are Jluoret' 
cent, that is, render visible the chemical rays of light. 
The sulphate and valerianate are the only ofGcinal salts. 
A fluorescent substance resembling quinia has been found 
in the tissues of animals by Dr. H. Eence Jones and Dr. 
DuprS.* As it is uncrystalli sable, they have named it 
Animal Quinoidin. 

Quinias Sulphas. — In silky crystals, containing 6 eq. of 
water of crystallisation and two of constituent water. It 
loses 4 eq. of the former at 212°, and two more at 240°. 
It melts at the latter temperature into a waxy mass. la 
soluble in 740 parts of cold or 30 of boiling water ; the 
latter deposits the excess on cooling; in 60 parts cold 
alcohol, very slightly in ether, freely in glycerine. Two 
dropB to the grain of Acid. Sulph. Aromat., dissolve it, 
irnd gtt xxiv to gr xx make an excellent pilular maaa 
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(Parrifb); tbe ■fctpil pOh, wUdt coatu o^ prj, W- 
eooM fasrd SBd btb Meaft <tf sofatioo. /iKeMpafiBiln. — 
Tlie aOabea,ikar earbenates, tbe alfcriwg estths. ^*g»~ 
table astRngentB, aahfl of lead aad bairta. Adidlerm- 
HonM. — Wal«r, fcoowB br the lo» of ireipbt in dtyiBp at 
212^. QumtDe u fardroect^nc,, absoriiai^ in a voist 
atmocpbere 53 p. c. Chalk, tKogimi^ mamtae, ;«■, 
and otb«r nmilar adaltentions, are ti>9oliible in alrolmL 
Tbe salt ehoald be entirely TolatJlteed at a r«d beat, and 
eboald not eHerreace or blacken irith HO.SO, SaUein 
gires a blood-red ttnse with HO,SO,; PkloridHn, a yel- 
low; Cinchonia gives a predpitate with KjCty, insoluble, 
in excess ; also with CaCI. 

Quinise Valerianag. — la in white table?, baring the' 
odour of ralerianic acid, and an unpleasant taste ; is sol- 
tiblc in 110 parts cold or 40 of boiling water, which de- 
composee it ; 6 of cold and 1 of hot alcohol, and in ether. 
It slowly decomposes. Dose, gr i to v. 

Qaijiidia is isomeric with Qoinia, and only dbtingoished 
by its eligtit Bolobility in ether, and by ita affording a 
Hporingly soluble precipitate with KT. Its medical effecta 
and dose are the same. 

Cinchonia, CoHaNjOj. — DiRers from quinia only in 
containing 2 equivalents less of 0. It is insoluble iK 
ether, yields, when treated like quinia with iodine, a bridc-'^ 
red deposit; with ammonia and chlorine water gives KA 
white deposit, Is used as a substitute for Quinia, bal 
requires to be given in larger doses. Oincbottias Svlphe^.. 
in iiRIciual. Its crystals are anhydrous, distinct, aud aW 
Hilky like those of Quinim Sutph. 

Oinchonidia, C«Hji,N,0,. — Isomeric with Cinchonia; 
coiiBtitutes the bulk of commercial quinidia. It gives the 
same reaction as quinia with the iodine teat, and as cin- 
clionine with cMorinP water and ammonia. The 
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of commercial qui nidi a (a misture of quinidia and cincho- 
nidia) is soluble and may be crystallised ; that of quinia 
is Lnaolable. 

By the action of heat on the acid Hulpbates of quinia 
and cinchonia, isomeric bodies, quiaicia and cinchonicia are 
obtained. They are not important. 

Quinoidine, or GhinoidtTie, appears to be a mixture of 
imcrystallisable Quinia and Cinchonia ; It is sold as Ex- 
tract of Bark. It is solnble in Acid. Sulpk. aromaL, and 
is given for the same purposes as Quinia, in doses twice 
as large. 

430. Strychnia. C^U^^^O^. 

Sources. — Together with Brncia, and combined with 
Igaeuric acid, 038010?, in Nux Vomica, St. Ignatius' 
bean, false Augustura, and the TJpaa. 

Properties. — Is generally in powder, hut may be ob- 
tained in right square prisms (2d system) of an intensely 
bitter taste said to be perceptible in 600,000 parts of water. 
Soluble ia 666T parts of water at 50°, and 2000 at 212° 
in 387 of officinal alcohol, 179 of absolute alcohol, 683 of 
etber, and 5 of chloroform, its best solvent ; also in the 
volatile oils and acid solutions. It melts, but does not 
Tcdatiliae. Its salts are soluble, crystalline, and, like the 
alkaloid, highly poisonous, one grain having proved 
fatal. It produces tetanic symptoms which come on soon 
alter it has been taken. Lard and camphor have been 
proposed as special antidotes in addition to the general 
ones already mentioned. The tetanic symptoms are best 
combated by chloroform. 

Tests. — (1) Evaporate the suspected solution to dryness, 
add a drop of concentrated sulphuric acid, and then a 
small crystal of bichromate of potassa; a blue colour is 
produced which changes to purple, violet, and crimson. 

This, it is stated, will detect the BonoDo piirfc of a grain. 



(S) Tlte Ea=peetod setaaion is a^ipfied to the back, pn- 
noosly dried, vt ■ Tooas fng fodi fronthe pond, aria 
ingectea into tke etonaieL TeUaic STBptoan ivrMi tin 
pcorace of the poisoB. Pbr BfaTtbuft is eobmnd jdlmr 
br HO,XOb l«t owing to tbe f naam of Bnicis, tbe 
eommercial drag is tinned onage or red. 

Strycknix SiUfJiag. — In coloafiefle, eMORScent cfjslals, 
wlMliT volatilised by beat snd BolaMe in vstor. Doee of 
etiTchnia uul its ^t^, -J, gr. gradoallT ina««sed. 

Brvcia, CH^'jO^+SHO- — 1~ more eolnbte Uian 
EtTjcbnia, reqairiDg bot 850 paiis of cold and 500 of boQ- 
ing w&t£r ; is very ^!nble in alcohol, insolable in ether. 
TeiU. — A blood-red colonr with HO.NOi, changing to 
yellow with beat, and violet with SnCl (distinction from 
Delphia, which becomes black and carbonaceoos by SnCl). 
Does not decompose lOj (digtinction from morphia). In 
its effects it resembles Btryehnia, hot is only abont j'j as 
strong. 

Iga^ria, CaHnNjOi+eHO. — Closely resembles Bnicia 
in all its properties, but is soluble io 300 parts of cold 
water. Its salts are precipitated in the presence of tartaric 
acid by the bicarbonate of the alkalies. Sulphoric acid 
imparts a rose-colonr which turns greenish. According to 
Schfitzenberger, there are nine distinct alkaloids in what 
known as igasaria. 

131. Ferairia, C^U^^'S^O^ 

Sources. — Verairium Album and V. Viride. 

Prop. — As obtained by the officinal process, it is 
powder, and contains Sabadillia C«HjgK]0,o, and Jei 
C(nH«NjO„ along with true veratria. It is errhine 
causes pricking when applied to the skin. Is characterised 
by a red colour with HO,SO„ and a yellow with HO.NOs. 
It in not volatile, 

*32. Aconitia. C^H„NO,.. 
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Sources. — Aconilvm napelluB. 

Trap. — Aa obtained by the officinal process, is a yellow- 
ish-white powder without smell, of a bitter, aurid taste, pro- 
ducinff a characteristic sense of numbness on the tongue. 
Soluble in 150 parts cold and 5 of boiling water ; readily 
soluble in alcohol, other, and thlorofomi. la the most 
poisonous of the alkaloids, dangerous symptoms having 
been produced by -^ of a grain of the pure base. 

Tests. — The alkaloid fuses aud burns with a yellowish, 
smoky flame ; its salts evaporate to a gummy residue ; 
heated in a tube, it fuses and gives off at first alkaline, then 
acid vapours. H0,N05 dissolves it without change of 
colour ; HO,SOa gives a yellow colour, and on adding a 
crystal of KO.SCrO^, a green (Cr,Os) is produced. The 
numbness produced upon application of even j jg of a grain 
dissolved in alcohol and rubbed into the skin, or cautiously 
applied to the tongue, is characteristic. 

433. Atropia, Cj,HuNO., from Atropa belladonna. 
Prop. — In silky crystals resembling somewhat those of 

sulphate of quinia. Soluble in 300 parts cold and 50 of 
boiling water, 1^ parts cold alcohol and 25 parts of cold 
ether; freely in dilute aetda. Fuses at 194", and volar 
tilises at 313°. Is only suitable for external use; the Ex- 
tract. Belladonnas being safer for internal administration. 
Used to dilate the pupil and in neuralgia. 

Ifegis. — These are not very reliable. It turns yellow 
with H0,NOb, is dissolved by HO.SOa, forming a colour- 
less solution which becomes red on heating ; its salts are 
coloured red by tincture of iodine. 

Atropiee Sitlphas, is soluble in water, insoluble in ether. 
Is used aa a local anfcsthotic. Daturia, from stramonium, 
is said to be identical with Atropia. 

434. Emetia, CmH.sNOi, from CepJiaelis ipecacuanha. 
Prop. — In white, uncrystallisable powder, fusing at 
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122°; very soluble in alcohol, and freely in boiling water. 
Ita roactiona resemljle those of morphia, except with the 
ferric salta and iodic acid. It is but little uBcd. 

435. Berberina, C«H„NOj. 

Sourcen. — In spccins of Cocculus {Calumba) Coplis, 
JJijdraetis, Berberis, Podophyllum, and Xanihoxylum. 

Prop. — In yellow ncedloa, insoluble in ether, readily 
soluble iu boiling water and alcohol. H0,80g dissolves it, 
giving an olive-green (HO,NOs) red with fumes of NO,. 
Its muriate is sold as hydraslin, which should not be con- 
founded with hydrastia, a base obtained from Hydrastit 
Canadensis. The alkaloid and ita salts are tonic ; dose, 
gr iij. It ia also used as a ilye. 

i36, Bebeerina, Nectandria, CjjIIjii NOe?, from Nee tandra. 

Prop. — A pale -yellow, amorphous, resinous body, 
slightly soluble in water, freely in alcohol and ether, la 
ftiBible at 356° and inflammable. Ita aalts are uncryatal- 
lieable. The sulphate has been used as a tonic and anti- 
periodic ; doae, gr ij or more. 

437. Deiphia, Cj,H«NO,; from Delphinium. 

Prop. — A white powder, slightly soluble iu cold water, 
freely so in alcohol and ether. Reacts like morphia with 
HO.NOs, but is blackened by the after-action of SnCI, and 
does not decompose 10s. 

438. Piperina, C^HisSOs, from pepper. 

Prop. — Colourless cryatala, slightly aoluble in water, 
more ao in ether, and still more in alcohol. Melts at 213'-', 
losing 2 eq. water. HO,SOs dissolves it, producing a deep 
red colour. It ia decomposed by EO.NOsj has a hot and 
not bitter taste. By long boiling in an alcoholic solution 
of KO.HO, sphts into Piperic Acid CmHioOb and Piperi- 
dina CioH„N (ethyl -all yl-amine NnCCjHs.CsHO- Pipe- 
rina is frequently added to Quiniie Sulphal. in doac of gr 
y, or more to increase its antiperiodic effects. 
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439. Caffeina. Theina Guarina, CbH^'.O,. 
Sources. — The berry and leaves of the coffecvtrec, Caffea; 

tea, Thea Chinensis; guarana, Paultinia sorbilis; and 
Paraguay tea, Ilex Paraguayensis. Guarana contains 
50T p.c, black tea 1-97, green tea 1, and coffee 0'8 to 1; 
Paraguay toa, 12 of the base. 

Pmp. — In transparent, hesagonai plates or needles (6th 
system); is soluble in alcohol, ether, chloroform, and hot 
water. Melts at 352", and volatilises unchanged at 125°; 
is not bitter. It forms well-deRned salts. Is said to be 
poisonous, but the citrate has been given in grain doses ia 
sick-headache. Tkeobromina, C„H(Ni04, &om the cocoa- 
nut, resembles caffeina, but has a bitler taste, and is much 
less soluble. 

440. Conia and Nicotina are oily liquids, of an alkaline 
reaction, not pre-existing in the plants, and containing no 
oxygen. 

Conia, CjsHuN, from Conium maculatum, by distillation 
with KG, HO. Is coloorless, s. g. -87, of a characteristic 
odour, soluble in 100 parts cold water, freely in alcohol, 
ether, and the fixed and volatile oils. It is very poisonous. 
It may be regarded as bibutyryl amine, NH[CbH,)2; by 
oxidation it yields but3i'ic acid. The plant contains a dis- 
tinct alkaloid, Gonhydrina, C,aH„NOa. 

Nicotina, CioH,N, from Xicoliana tabacumjhj distilling 
with KO,HO. Is colourless, s. g. 1-048; has the odour 
of tobacco, and is more sparingly soluble than Conia ; 
very poisonous. Havanna tobacco contains 2, Maryland 
2-3, Virginia 6'87, and Kentucky 6'09 per cent. 

441. SubslUulion Products of the Alkaloids. — By acting 
on'the alkaloids witb iodides of methyl, ethyl, etc., a portion 
of the hydrogen of the alkaloid may be replaced by the radi- 
cal. This fact is interesting in a theoretical point of view, as 
indicating the probable constitution of these bodies, placing 
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item among the sabetitntion ammonias and compoai 
of aminoiiiaiD (425). The natural alkaloids are found I 

be nitrile bases (425 > MeOii/l etri/chnia, C^^^S ^ 
h»ld not to be poigoDoa^. 

442. Neider or Acid Bitter Organic Principles. — ' 
are even more nnmerou»i than the alkaloids ; tbey conta 
no nitrogen; many of them are glucogides(395); of otbf 
only the empirieal formula ig known. The following s 
sometimes employL-d in medicine : SalicJn, Fhloridzin 
Hj.0„+4H0); Colucynthin, Santonin (C„HuO,); 
oin, Digitalin (C^HuOjo ?}, an actiTe poison and aloin. Pi- 
CTotoidn, CjuHijO,, is the active principle of the Coccuius 
indtcua. Phloridzin, santonin, and picrotoxin are regarded 
as acids. It may be said that every vegetable substance 
employed in the maferia medica contains one or more 
alkaloids, acid or neuter bitter organic principle, and often 
botb. The plants yielding fixed and volatile oils are some- i 
times exceptions to this rule. 



VII. FATS AND OILS. 

I. FIXED; 11. VOLATILE. 

I. Fixed OUs. 

44;i. A'owrcfis. — The iinimiil and vegetable kingdom 
From the former, by gently heating tbe natural fatl^ 
matters (^rendering) when the true fat runs oat of tM 
cellular tissue and is collected. From the latt«r by e^ 
presaion, Bometimes aided by heat ; by boiling and by tlu 
linlvpnt action of honzinn. 
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Prop. — Are greasy to tbe touch, lighter than water, 
aud leav(3 a spot on paper which does not disappear when 
heated. When pure, are mostly colourless and free 
from smell aad taste ; iu eome cases they are accompa- 
nied by volatile acids which give characteristic odour aud 
flavour ; these may often be removed by the action of 
animal charcoal and magnesia. They are insoluble in 
water, nearly so in alcohol, except castor oil which will 
dissolve in its own weight of stronger alcohol ; ether, the 
volatile oils, benzine, and bisulphide of carbon dissolve them 
freely. Heated alone, above 500", they are decomposed, an 
acrid body, acrolein CbH.Oj, and other odorous substances 
being evolved ; if decomposed by steam at this tempera- 
ture, they merely separate into their proximate constitu- 
ents, glycerine CeHsOs, and volatile fatty acids. At a 
higher temperature, marsh gas CiH,, olcfiant gas CfS.,, 
and complex organic products are produced. Exposed to 
the air, they either dry into a varnish, as linseed and poppy 
oils, or become rancid. The drying quality of oil is in- 
creased by the addition of 10 per cent, of PbO or MnOi. 

SaponificcUion. — By the action of alkalies, alkaline 
earths, and certain metallic oxides, soaps are formed, glyce- 
rine being at the same time set free. The soaps of KO and 
NH.0 are soft, of NaO hard, of CaO and PbO insoluble. 
The latter constitutes Emplanirum plumtn. The aoaps 
formed with vegetable oils, as castile, Sapa (olive oil), and 
palm {palm, oil), are soluble in cold alcohol. 

Hi. Patty Acids. — These may be obtained by decom- 
posing soap by a mineral acid, or directly as above stated. 
They are generally homologous (884) with acetic acid ; 
florae of the lower members of the series are found free 
in the animal accretions, etc. (415). They are liquid, 
volatile, and of decided and generally offensive odour. 
The higher iiicmlii'rs of the series are solid, white, fusible, 



313 MEDICAL CHEMISTRY. 

Tolstile, tasteless, and iDodorou& Oleic acid beloi 
to anolher series. The combinations of iJie fatty 
with oxide of allyl, C.HjOi, are diBtinguished by the t«r^ 
mination in, as giearin, iTiargarin, and olHn. These three 
bodies constitute the hulk of solid fats. Olein remaias^ 
liqaid when the fat is exposed to cold, and may be 
rated by decantation or pressore. 

Stearic Aeu/, HO.C^HhO^ — Is white, inodorona, 
less, of a slight acid reaction, fusing at 160°; may 
distilled in vacuo, but not in air. Is insoluble in wal 
cold alcohol, and ether. 

Mar'jaric Acid, HO,CmHi,Oj. — Closely rvscmbles tlie 
former, melts at 1 40". It is probably a niiiture of stearic 
with palmitic acid, IIO,CmHj,0„ obtained from palm oil. 

Oleic Acid, HO,Cj,H)jOi, is a colourless liquid, insol- 
nble in water, soluble in alcohol and ether, of an acid 
reaction and .sharp taste ; it is solid at 50°. It ie readily 
oxidieed. The following acids are among the remaining 
most important fatty acids. 

Jiulyric n0,CJi\0^ Caproic IIO,C.,H„Oj, Caprylic 
HO,C„H,iO^ Capric HO,C„H„0^ exist in butter and 
the animal sceretiims. They are colourless and offeneive ; 
the first has been described (413). Caproic acid has a 
timell resembling acetic acid ; Caprylic acid, that of the 
sweat of the negro, and Capric, that of the goat. They 
are all liquid, colourless, and their boiling-pointf; vary 
with the proportion of C and H present 1,384). 

Laurivic Acid, HO.C^H^Oa, exists in the cocoa-nitt 
oil and in spermaceti ; Myrinlic HO.CmHkOb, in the ex- 
pressed oil ofnutmegK; Palmitic HO,CmHjiO,. in palm 
oil, butter, lard, olive oil, and probably in all fatH in 
which margaric acid has been supposed to exist. 

It will be noticed that the homologous series of fattv 
acid runs from butyric acid C? to stearic 0«, — omitting 



e ter^ 
three 
maiaa,^^^ 



OROAKic oasHtSTar. 



3i3 



every otlier term. We have no animal fatty acid of tliis 
Beriea, the C of which ia not evenly divisible by 4. Ce- 
rotic acid, HO.CunjaOj, ia the highest member of the 
series found in nature. Homologous with oleic acid we 
have. Acrylic acid, nO.CeHjOj, all the salts of which are 
soluble ; Crolomc, HO.CsHjOs, from croton oil ; Vttmaluric, 
H0,C,4H„0a, from urine; Jforinyje, HO.CaoH^O,, from 
oil of ben ; Hypogeeic, HO,Cjin»Oi, from whale and por- 
poise oil ; and others of even less importance, Ricinoleic 
acid, HO,CseH350j, is obtained from castor oil. The fatty 
acids have been formed artificially from inorganic matters. 

445. Glycerine, Ohjcerina, C8H,OE=C6HiO„SHO. — Is 
obtained from fats by the action of stoam at about 500°, by 
saponification, or by inverse saponification by HO,SOj. 
That obtained by the first-named process is the purest. 

Prop. — A colourless, inodorous, syrupy liquid, of a 
R we etish taste and fermentable (Berthelot) ; 8. g. 1'273; 
officinal s. g. I'25 ; is soluble in all proportions in water 
and alcohol, insoluble in ether; does not dry or become 
rancid on exposure to the air ; it cannot be distilled alone, 
but gives off acrolein, CoHaO.HO, and which by oxidation 
yields acrylic acid, H0,CbH30i. It combines with acids. 
Nitroglycerine, or glonoine, C, — —0^, is formed by 

the action of a cooled mixture of sulphuric and nitric acids 
(386) on glycerine. It is an explosive, colourless, oily 
liquid ; s. g. 1-6 ; freezing at 46" ; soluble in 180 parts of 
water, and freely in alcohol and clher. A single drop ap- 
plied to the tongue produces intense headache, with vascular 
excitement. Death from a larger quantity has been re- 
corded. There is no known antidote. With sulphuric 
and phosphoric acids, glycerine forma xulpho- and phonpho- 
glyceric acids. The latter exists in the brain and in 
the yolk of eggs. The aoloent powers of glycerine are 
intermediate between those of alcohol and water. It 
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will dissolre 9 of one p.c. of phosphorus, one of 
33 of EI, ten of HgCl, 3 of QuinuE svlphag, 6 of A> 
tannic, 4 of strrcboia salts, 2 of Alropia. Bromine, 
monia, and nitrate of silver, are soluble in all proporti* 
in pure gljc«rine. Generally speaking, all deliqaescei 
Sialts are soluble in it, also the vegetable Biiida. AlDia,' 
and the salpbates of iron, copper, and zinc, are sotable to 
the extent of from 26 to 40 p. c. It is miwible with Goo- 
lard's Extract and lead water. It iii naed as a vehicle foi 
the administration of medicines, and as an emollient. It 
fihonld afford no precipitate with AgO,XOs (absence of 
chlorides), or with NH,S,HS or K,Cfy (absence of thft_ 
heavy metals). 

Glycerine does not pre-exist in fats, bnt is formed at the 
time of saponification. The so-called oxide of glyceryl©, 
or of I'py], CgHsOj, is the oxide of allyl, the base proper 
of fata. When glycerine and fatty acids arc heatfid to- 
gether in sealed tubes, they unite, re-forming the fats. 
IIcDce a fat is considered to be a compound of a fatty acid 
with oxide of allyl. Glycerine is regarded as a triatomic 
alcohol, in which one, two, or three cq. of the water may 
he replaced by an acid. Thus in Stcarine, a component 
of the solid portion of fate, we may have : 

Monoatearin, CJlJ)a = CsK,Oi,2nQ,CiJlsiO!, (Steariei 
acid). 

Bietearin, C«H„0„=C6HA.HO,2(C»H„0,). 

Tristearin, C„.H„„0„=C6H,03,3(C«,H,B0a')- 

Not only does glycerine unite with the organic, but also 
with some of the inorganic acids. The number of com^i 
pounds which may be formed is very great (379). ^ 

Si/ntheiis nf Gb/rerin'.—TiuB suhject isinterestinR on acoou^ 1 
nf the poBsibie production of a natural fat from purulj inorganic^' 
mnteriHla. ' ' 

Tprbmmiflfi nf iillyl, C.TIiHr,, mny be obtained by the action . 
of iodide of phoHplKiru'. and aftern-ard* of Br, upon glycerino. J 
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T!ii»rpactinswith anetate of silver, AgO,C,n,0,, yields friacetine ; 
rjI.Br, + 3(AgO,C.n,O,)=C.H,O„3(C.H,0,) + 3AgBr. Tria- 

wtine, bailed with KO.RO, vields Klvcerine; C,n.0,.3(C.H,0,)+ 
3(KO,HO)=C,H,O„3UO_k4-"t(KO.0jH.O,U- As most of Iha fatty 
uoida may be aynchetically obtained, and as they may be directly 
combined with glycerine, it only reiiiaina to determine whether 
C|1IgBr, mHT be formed from inorganic mat«rialB. An isomeric 
oompuuod, (j(H(BrBT„ Bromide of bromofiropi/Une, may be pre- 
pared by the action of bromine upon the produots of the decom- 
noaition oFamylic alcoh.'l, CiJIiAHO. at n rod haat. With the 
mlver aalt, hotrerer, tbis yielda chiefly n compound, CtH,0,,2C,ITi 
0(, but at the B&ine time a smalt quantiiy of liiacetin, C,HsOi, 
3C,II,0;, ia produced by a eecnndary reaction.* As amylic alco- 
hol may be formed from purely inorgivnio Bubstanoes.f it would 
seem that the nyntheais of a fat ia posBible. 

IL Volatile OUs. 

446. Sourcea. — From plants by distillatiou with water; 
by expresaioQ, or by maceration in fat {enflettrage'). 

Prop. — They are fragrant, of a hot taate, lighter than 
water (except those of BaBsafras, (raultheria, pimento, and 
cloves), inflammable, and do not leave a permanent stain 
on paper. They dissolve in small quantity in water, to 
which they communicate their odours (^Aqum medicate), 
freely in alcohol and ether. Kitrie acid, iodine, and bro- 
mine act upon them violently, sulphuric acid more quietly; 
they do not saponify. They are conveniently divided into 
those containing (a) carbon and hydrogen; (6) carbon, 
hydrogen, and oxygen; (c) containing also sulphur. 

(a) Conlaining C and K. 

447. These are all isomeric with oil of turpentine, CaHu, 
but vary in s. g. and bailinf^-poiut; when absolutely pare, 
are inodorous, but as met with have various odours, which 
appear to be developed by oxidation. But little is known 
of their true chemical character. 

• WunTz, oited in GH«Li!i'B Wandbxok, Cavcndltk Ei., vol. liii. p. 553. 
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Oil of Turpentine, C„H„ — Is too well knowD to need 
description. By the action of HCI is converted into arti- 
ficial camphor, C«iH|,nCl; similar compounds are formed 
wilh other hydrogen acids. The following are other mem- 
l*rB of this class: oils of camphor, elemi, myrrh, copaibk, 
Ijlack pepper, hemlock, juniper, sai-in, lemon, orange, and 
cedar. 

{b) CorUaining C, H, and 0. 

448. They form the great bulk of the volatile oils. On 
exposure to cold, they generally separate into an oily por- 
tion isomeric with oil of torpeatiuc (elieoptcn'), and a crys- 
tttlliue, solid, camphor-like body (atearopten) containing 
oxygen. With nitroprussidc of copper, CujFejCysNOa, they 
give marked, and in some cases characteristic colours. The 
action of tliis reagent is interfered with by the prese: 
of the hydrocarbon volatile oils. In some cases, as the 
of cinnamon, gaultheria, spirea, and bitter almonds, th< 
rational formula has been determined, and they have been' 
formed artificially. The following are officinal: Oil of 
anise, bergaraot, ebenopodium, eajuput, cloves, 
Canada fleafaane, fennel, gaultheria, pennyroyal, juni] 
lavender, the mints, allspice, rosea, rosemary, sasssf 
lliyme, and valerian. 

(r) Containing Sulphur. 

449. They are highly pungent, and of powerful odoi 
Tlicy may be considered as sulphur compounds of the h 
cal aUyl CgHs. According to some, a distinct radical, /ei 
'?//«, Call,,, exists in assafceti da. Oil of garlic ia sulphide 
allyKCsHiS; Oil of mustard, a salphocyanide, CsH.CiNI 
It has been formed artificially by the reaction of KCl 
with CeHsI. Oil of horseradish ia identical with oil 
mustard. 
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CAMPHORS AND RESINS. 

These are the products of the oxidation of volatile oils; 
they are too numerous for special conaideration. 

i50. Camphor, Camphora, CmHioOa, may he taken as the 
type of the group. It ia solid, colourlees, volatile, inflam- 
mable; soluble in 1000 parta water (Aqua Campkorm), and 
freely in alcohol (Spiritus Gamphoree), alao in chloroform 
and strong acetic acid. A clean fragment of camphor 
thrown upon water rotates in a remarkable manner ; the 
least trace of grease instantly arrests the movement. 

Besins. — Those containing benzoic acid, C|,H,Oi, are 
called balsams, as tolu; when they contain gum, gum re- 
mne, as assafcctida. The latter form a milky emulsion 
with water; alcohol dissolves only the resinous portion. 
Oleo-resins contain volatile oils, as crude turpentine and 
copaiba. 



VH. COLOURING MATTERS. 

461. Indigo. 

Sources. — Various species of Indigofera and genera of 
other families; an allied substance ia sometimes found in 
the urine. It appears to exist in the plant in the form of 
a soluble, colourless compound ; it is extracted by fermen- 
tation as a yellow liquid which yields a precipitate of blue 
I indigo upon the addition of lime. 
Prop. — Commercial indigo is in deep blue, insoluble 
masses, which on heating yield a blue vapour which con- 
denses into crystals. It contains 50 p. c. of indigo-blue, 
indigotine, CieHsNOj, which by reducing agents, as HO, 
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Soj, takes up an atom of H and becomeg iadigo-white',F i 
Indiijogene C„H(NOs, which again becomes blue o 
poaure to the air. Nordhausen sulphuric acid, HO.aSO^ 
dissolFes indigo, forming sulphindigotic or sulphindylio 
acid, C.eHiNOj.SjOj, and aulphopurpiiric acid, Os,HioNi,0« 
2S0s,HO. These are used in dyeing. By oxidising ageata 
and KO,HO, it yields various products, among others a 
line and picric add, HO.C^H^CNOOsO. 

452. Anilme, NHjCuHj, ie obtained indirectly from c 
tar (417). By the action of KO,2Cr03, AsOj, SuCl, HgCT,»l 
etc., it yields colours of various shades, chiefly crimson ani'T 
purple, and known as magenta, mauve, solferino, etc. By9 
combination, all tints have been obtained. The composi*- i 
tion of those coloars is complex, and in many c 
known. They have been successfully used in injecting^ 
tissues for niicroseopie examination. 

453. Pioric Acid, Carbazotic acid, Trinitrophenic acidl* 
HO,C^H2(NOh)30, may be regarded as a subatitutioiffl 
compound in which 3 eq. of H of Phenic acid (41T) aTB "I 
replaced by NO,. It is obtained by the action of nitrio 1 
acid upon oil of tar, also upon silk, indigo, salicin, and. f 

Prop. — In yellow crystals, soluble in 86 parts water, i 
of a bitter taste, and decomposed by beat with explosion.. I 
It is used as a yellow dye, as a test for potasaa, and hasvl 
been administered as an antiperiodic. It is said to ^iftl 
used to adulterate beer, but may readily be detected, n^t 
being removed by animal charcoal. 

454. Litmus, is obtained from various lichens by o. 
tioa and the action of ammonia. Is usually in the fon 

of cubes of plaster of Paris, saturated with the colouriBg*] 
matter. It is soluble in water and alcohol, is reddened h, 
acids, and the red colour restored by neutralising agenbi 
Hence its use as a test. It contains three colouring prii 
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ciples,— Lecanosic acid, HO.C.JIsOs, Orcta, C»HA,HO, 
and Orceine, C„H,SO«HO. TurmeriG. the root of Cit- 
curma langa, yields a yellow tincture which is turned 
brown by alkalies. Querdlron, the inner bark of Quercus 
nigra. Fustic, the wood of Morua linctoria, Saffron, por- 
tions of the flowers of Crocus saliva, and Annoto, from the 
seeds of Bixa orellana, are all used as yellow dyes. 

455. Madder, — The root of Buhia linclorum. it con- 
tains three colouring principles: Jianthin, C H yellow; 
Alizarine, CaoHjO,, red; and Purpurine, CibHsOs, purple. 
Artificial alizarine obtained from naphthaline cannot be 
considered identical with that from madder. The root is 
officinal and is used as an emmenagogue. The madder 
colours are remarkable for purity and permanence. 

456. Logwood. — Tlie wood of Harmaloxylon Campe- 
ehianum. It contains Saematoxyline, C|,H,Oo,3HO. la 
used for purple and black dyea. Is oEfteinal and used as a 
tonic and astringent. 

Brazil Wood is used for red dyes, red ink, etc. ; with 
alum, forms a crimson lake ; it contains Braziline, CjgHitOu. 
It is not used in medicine. 

457. Carlhamine, Safflower, the petals of Carlhamus 
lincttyriug, is used as a fine red dye and in the preparation 
of rouge. It contains Carlhamine, CnHoOs.SHO, a yellow 
substance which by oxidation yields red Carthamic acid, C» 
H,07. Alkanet, the root of Ancfivsa iincloria, yields a red 
tincture used in thermometers, etc, ; it contains Anchusine, 
Oi,Hi„Oh. Sanlalum, Red Saoders, is the wood of Plero- 
earpvg Santatinus ; it contains a white crystalline prin- 
ciple, Santali-ne, which oxidises to red Sanlaletne, C^gOJ 

458. Lac. — Is a resinoid substance exuding after the 
puncture of an insect from species of Ficus. It yields a 
scarlet dye. It is especially used in the preparation of 
varnishes, aealing-wax, etc. ; it is freely soluble in alcohol. 
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459. Cockineal. — The female of a species of coccus. The 
insect yields its colouring matter to wat«r and alcohol. By 
precipitation with alumina it yields carmine. The in! 
is sometimes used as a reputed antispasmodic. 

460. CoLouaiNG Matter of Leaves and Flowers. 
Cklorophylle, the green colouring matter of leares aud 

herbage, yields ChlorophylUne, CuHsNO,. It is freely 
soluble in ether ; long exposed to the air, it forms San- 
tkophylline, which is also found in the yellow leaves of 
autumn ; the red leaves contain ErythrophyUine. The 
colouring matters of flowerB are not well understood. 
Some of them, from their sensitiveness to the acttou of 
chemical agents, are used as tests. Violets give a blue 
juice, or infusion, which is changed to red by acids, and 
green, and finally yellow, by alkalies. The infusion of 
petals of the red rose is turned red by acids, and green by 
alkalies. An infusion of the common purple cabbage is 
similarly changed. These tests are best preserved by 
saturating porous papers with the juices, and drying care- 
fully. All test-papers must be kept from air and light. 
The red cabbage-leaves may be preserved by careM 
drying. 
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Vlir. PROXIMATE PRINCIPLES NOT OTHEft 
WISE CLASSIFIED. 

461. This includes the proximate priuciples of animalB 
and vegetables, and the analysis of their secretions and 
excretions. The non-nitrogen ised proximate principles of 
vegetables were considered in group T., and their nitrogen- 
ised cry staliis able bases in group V. The results of 
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researebes on this part of the subject are exceedingly dis- 
cordant. This may be explained by the fact that the 
proximate principles cannot be obtained crystallised, and, 
therefore, no absolute certainty as to their composition 
exists. The same principle also varies according to its 
source ; the varieties of albumen from tbe egg, the serum, 
the brain, the skin, etc., are not identical. The secretions 
or excretions of the body vary mucli in health, and greatly 
in disease. It is often difficult to say whether a substance 
pre-exists in an organised hoUy, or is the result, in some 
degree, of the methods employed in its extraction, upon 
some other body. Some principles, as fibrin, are different 
when living and dead. 

462. Albmnen. — Is the most widely diffused of the prox- 
imate principles in the animal body. It exists in a liquid 
form in tbe serum of the blood (seralbumen), in white of 
egg (ovalbumen), in lymph, chyle, saliva, pancreatic and 
seminal fluids, humours of the eye, and, in disease, in the 
bile and urine. As a solid, it exists in the brain, nerves, 
glands, cellular membrane, skin, hair and nails. In vege- 
tables, as emulsion or syncptase, it is also abundant, 
existing in the juices of some, as the potato, carrot, and 
asparagus ; in grain and in nuts. 

Frop. — In solution, is clear, shghtly viscid, leaving a 
glairy streak on paper ; when dried, is yellowish, trans- 
parent, and horny, and not then prone to decomposition. 
Exposed to heat, the solution coagulates at about 170°. 
It is then insoluble in water, but soluble by continued 
boiling in hydrochloric acid or in strong alkalies. When 
^ried, this is indistinguishable from uncoagulnted albumen, 
except by its insolubility. Heat will detect -, jj'ng of albu- 
men in solution. It is coagulated by nitric and nieta- 
phosphoric acids ; Tannic acid forms with it an insoluble 
componnd analogous to that pniduccd with gelatine. Sol- 
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phuric and hydrochloric acid precipitate it soluble flit-1 
esceas ; acetic, tartaric, oxalic, and gallic acids do not affeCt 
it. It forms ceiDcnts with the alkaline earths ; that mad^ 
of lime and white of egg is very adhesive and resists 
many chemical agents. With the salts of most of tlie 
heavy metals it forms insoluble compounds ; hence it H 
used ftfl an antidote. Conversely, corrosive sublimate <» ] 
subaeetate of lead form delicate tests for albumen, and I 
the metallic salts arc useful as antiseptics. It is also cO* J 
agulated by alcohol, creasote, and phcnic a^id, and itS j 
acetic solution by chloride of sodium, nitrate of potttssa, [ 
and sulphate of soda. 

Coagulation by heat is prevented by the presence of 
excess of alkali or of small quantities of mineral acid. J 
The chemical changes taking place during the process ana \ 
not understood. Soralbumen is not affected by ether and ] 
oil of turpentine, which coagulate ovalburaea. The fol* 
lowing bodies closely resemble albumen in composition 
and properties : Muaculin, from fibre of flesh ; OlfjbuUn, 
which constitutes the greater part of the red eorpuscles of 
the blood: it is coagulated by strong alcohol, and redis- 
solved by that reagent when dilute. and boiling; Pepsin, 
from the gastric juice ; Pancrealin, from pancreatic Juice : 
it is coagulated by sulphate of magnesia ; Ptyalin, firom 
saliva ; Mueosin, found in mucus ; Neurine, the semi- 
fluid substance of the tubes and corpuscles of the brahi 
and nerves. Pyein from pus, Echidnine from viper poi- 
son, and Crotaline from that of the rattlesnake, are highly | 
poisonous when introduced into the circulation. Vegetable 
albumen, Enmhin, differs in being coagulated, like casein, 
by rennet and by tribasic phosphoric acid, 3110, POj. 

463. Fibrin. — From its property of spontaneous coagu- j 
lability, is unknown chemically in the soluble state. It is J 
maintained in the soluble state in the blood by ammonia. 
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As obtained from blood by whipping witb twigs, it is ia 
whit« filaniDnts, which gelatinise acd dissolve in dilute 
acetic and hydrochloric acid, and in 3H0,P0j. It is also 
soluble io alkaiies, which convert it into a substance 
closely restmbhng albumen. Tannic acid forms with it 
an insoluble imputrcscible compound. The fibrin of 
venous anil arterial blood dilFere, and that of flesh, 
mttgculin, more nearly resembles albumen. 

Gluten, from wheat flour and seeds, appears to be 
identical with fibrin, 

464. Casein. — Exists in milk, and perhaps in the blood. 
It closely resembles albumen, but is coagulated by acetic 
acid. Is a white, curdy substance, insoluble in water, 
soluble in weak alkaline solutions, from which it is again 
precipitated by acids. Whea dried, is transparent and 
horn-like. Is not coagulated by heat. Certain animal 
membranes, as rennet, coagulate it, and this action is 
aided by heat Legumin, obtained from peas, beans, etc., 
is considered to be identical with casein. 

466. The three bodies just described are known as the 
prtrfein compounds. The following analyses represent their 
composition, but can only be considered as approximate. 



Carbon, 


53-5 


52T 53-83 


Hydrogen, 


7-0 


6-9 7-15 


Nitrogen, 


15-5 


15-4 15-65 


Oxygen, 


22 


^i3 23-^' 


Sulphur, 


1-6 


Phosphorus, 


0-4 0-3 


Liebig gives the following a 


IS their formula) : 


Albiuneo 


1, c, 


«H,a,N„0.s8, 


Fibrin, 


c, 


ssH™N„0,,S, 


Casein, 


c. 


„„H;;^N»0.„Sj 
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461. Protein. — Mulder olieerred, that wheu any one 
the foregoing compounds was digested in caustic potass 
nntil no precipitate was afforded with a lead salt, and pn 
cipitated by acetic acid, a snow-white flocculont substan04 
was obtained, which, he stated, could he procured entire^ 
free hom sulphur and phosphorus. This substance, i 
bined with sulphur and phosphorus, he stated, gave » 
men, fibrin, and casein. The formula CHrrNsO, has b 
assigned to it. Its existence is doubted by many, but ti 
designation protein compounds is a convenient one. 

468. GelatiB, — Exists in the skin, tendons, etc., 
derived from the ossein of bones by long boiling. 

When pure and dry, is a transpareat, colourless, i 
rous, insipid solid ; insoluble in alcohol and ether, soluble ii 
boiling water, to which one per cent, will communicate tl 
property of gelatinising; the facility with which the liquid 
becomes firm is greater as the temperature is ]ower, and 
varies with the variety of gelatin. The solution, exposed 
to the air, soon putrefies. It is soluble in all dilute acids 
except tannic, which precipitates it and forms an impn- 
trescible mass (leather). It is not precipitated by alum, 
the acetate or subacetate of lead. Is precipitated by chlo- 
ride and nitrate of mercury, but not generally by the salts 
of the heavy metals. Tannic acid will detect 55'jjg of 
gelatin in solution; it is not precipitated by gallic acid{ 
The doubtful formula CuH^NOi has been assigned 1 
gelatin. 

Strong nitric acid with gelatin yields oxalic acid. Sul 
pburic acid gives leucin, CuHaNOi, tyrosine CiaHnNOi 
and glycocoll, or sugar of gelatine, C,lI|jNOj; the latter ii 
sweet, of sparing solubility, and does not ferment, 
sin, CjH.iNOc, is also obtained with Icucin by the actiooJ 
of KOjHO upon casein. 
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Ismglass, Ichthj/ocoUa, is a pare form of gelatin ob- 
tained from the ewimming-bladder of tishes; it is more 
slowly soluble than ordinary gelatin. The finer varieties 
of gelatin are also known and sold indiscriminately as 
gelatin or iBtnglass. Glue is an impure gelatin ; liquid 
glue JB a solution of gelatin in strong acetic aoid or in 
water, with the addition of nitric acid. Size is a very 
impure glue used to give a surface to paper, etc. 

Chondrui, obtained by the action of boiling water upon 
Carlalagin found in the cartilages, differs from gelatin in 
being precipitated by acetic acid (soluble in excess), also 
by nitric acid and subacetate of lead. Its formula is given 
as C^H^N^O,,. 

469. Kreatk, CsHsN^O^aHO.— May be extracted from 
the juice of flesh. la a neutral body, in brilliant colourless 
crystals, readily soluble in boiling water, the solution 
baring a bitter, somewhat acrid taste. By the action of 
acids it loses the elements of water, and becomes Kreaiin- 
in, C(TI,NaOj, which pre-exists to a small extent in the 
juice of flesh. It is also in coloorless crystals, of an 
alkaline reaction, wbich combine readily with acids to 
form distinct salts. It is freely soluble in cold water. 
Inonic acid exists also in the juice of flesh; it does not 
crystallise, and has been obtained as a white amorphous 
powder, to which the formula HO,CmH8NaO«i has been 
given. Inosite, .CisHuOia+2TIO, ia a sweet crystalline 
body, capable of undergoing the lactic, but not the vinous 
fermentation ; it is obtained from the juice of the flesh of 
the heart and kidneys, also from unripe kidney-beans. 

410. Blood. 

Prop. — When freshly drawn, is a homogeneous, slightly 
viscid, alkaline liquid, of a peculiar odour, and saltish taste ; 
its average a. g. is 1 Oo-'j ; the colour varies from the bright 
ifd of arterial to the dark purple of venous blood. Under 
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the naietxMeope, is ee«n to consist of ft Uui^Mreiit, aturlj 
colomksB laid (pla*ma or Uqvor cod^hmu), in which 
Aost red dises, tbe rtd eorpusdet, and colonriees globules, 
the tdUIe eorpa»cle». It good eosgulUes after being 
dfswB, fwnuiig a c^, which ronasts of fibrin and blood- 
globoles, and a liquid aervim containing albumen i 
ealta. It eoDSLsts proxiinately of 

Water. 

Red Corpnseles, 

Albumen. 

Saltt 

Extractire, Fatty Matters, etc., 
Kbrin, . ' . 



The red coiruscles consist of Ololmlin, a substanee 
which has not been satisfactDrily Eeparated, but resemblii^ 




albumen, and of HmrnaSin, 
This contains a large proporti 
gives 

Carbon, . 

Hydrogen, , 

Nitrogen, 

Oxj^n, 

Iron, 



the red colouring matterTJ 
Mulder's analyst 

65-84 

5-37 
10-4 
H-15 

6-64 



100 00 
Tho colour of b»matin does not depend wholly upc 

its iron, as it is not lost upon the removal of that i 

Thvi proportion of globulin to htematin ie stated as 

to 7*. 
The Kjirai-live matters consist principuliy of Kreat 

iail Krfatinia: the fatty matters, of a peeuliar fat Serji 
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C/iolesterin, a fat foand in the bile, Oerebrin, a fat 
found in the brain, with oleate and margarate of soda and 
other fats free and eaponified. 

The Salts are chlorides of soriium, potaBsium, tribaaic 
phosphate of soda, carbonate and sulphate of soda, and 
phosphates of lime, magnesia, and iron. Urea, biliary 
colouring matter, sugar, salivary matter, oxygen, nitrogen, 
and carbonic acid, are also found in varying quantities. 

411. Chyle and Lymph, 

Differ from blood chiefly in the absence of the red cor- 
puscles, and in containing a less proportion of fibrin. The 
chyle, as taken from the lacteals, contains a large propor- 
tion of fatty matter. 

472. SaJlm 

A transparent, watery fluid, of an alkaline reaction; s.g. 
/006 to 1-009. Contains, besides water, raucus, albumen, 
fatty matter, and the usual salts, a poeuiiar principle, 
Ptyalin, and eulphoeyanide of potassium, KCjNSa. Saliva 
contains 13 per cent, of chloride of sodium, a larger pro- 
portion than any other animal fluid. The Pancreatic Juice 
resembles saliva in composition, but docs not contain sul- 
phocyanogen. 

413. Milk. 

Under the microscope, is seen to consist of a clear liquid, 
JQ which are suspended numerous globules; these consist 
of fat (butter), surrounded by an albuminous envelope, 
which may be broken by meehaiiical violence Cehuming), 
: dissolved by caustic potassa. Milk contains water, 
butter, casein, milk sugar, and the usual salts of animal 
SBcretinnB. It is at first alkaline, but becomes acid, owing 
to the formation of lactic acid. 

4t4. Gastrio Jnioe. — Contains free muriatic and lactic 
acids, and phosphate of lime, the chlorides of potassium, 
Bodium, caleiam, and magnesium, and a peculiar principle. 
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Pepein. Pepsin possesses the property of digesting most 
alimentaty Bubatances, when kept at the temperature of the 
stomach, and in contact with a dilute solution of muriatic, 
lactic, or phosphoric acid. The substance sold as pepsin 
for use in dyspepsia consists of starch containing pepsin 
obtained from the stomach of the sheep, hog, or calf, or (rf ^^m 
the same in solution in diluted hydrochloric acid. ^^| 

475. Sve&L — Under ordinary ci re um stances , the average ^^| 
quantity secreted is nearly two pounds avoirdupois daily; ^^ 
under the inSuence of active exercise, or high temperature, 
this quantitj' is greatly increased. Its reaction is acid ; 
the odour varies with the individual, and differs in differ- 
ent parts of the body. It is due to volatile acids, as the 
acetic, lactic, butyric, capric, and caproie ; caprylie acid 
probably exists in that of the negro. It contains also ani- 
mat matters, which when retained in the clothing become 
offensive and breed typhus, et«. Its salts are chlorides of 
sodium and potassium, acetates, lactates, etc. of soda and 
potass a. ^^^H 

4TG. Bilo. — Is a liquid of a dark, golden-brown colodl^^^H 
in man, s. g. lOlS, probably neutral in reaction; i^^^^| 
bleaches tesl>-paper ; has a bitter taste, and on agitation I 

with air gives a soap-like foam. It ia extremely prone to 
decomposition, and cannot on this account be obtained fit 
for analysis from man. The following is. the composition' 
of ox-bilc : 

Water, HO 880- 

Glykocholate of Soda, NaO.CijHuNO,,, } ^q. 
Taurocholate of Soda, NaO,CHH„NS,0„ J • 

Biliverdine ^ ' 

Fats, \ 13-43 

Cholesterine, Ci,HaO, ■J 

933-43 
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Chloride of Sodium, NaCl, 

Phosphate of Soda, 3NaO,POi, 
, , " " Potassa, SKO.POs, 

" " Lime, SCaO.POs, 

" Magnesia, SMgCPOj, I 

Carbonate of Soda, NaO,COi, 
" Potasaa, KO.COj, 

Muctts of gall bladder, .... 1-34 
1000-00 

GlylcocholiG Acid. — A crystalline body, whicli, when 
boiled with dilate EO,HO, splita, with the assimilation of 
two eq. of water, into cholie acid, HO.OuHjoOb, and glyco- 
coll, CHsNO. (468). 

Tauro-chalio Acid. — Crystallises with great difficulty, 
and it is doubtful whether it has been obtained pure. By 
; boiling with dilute KO,HO, it splits into cholie acid and 
taarin, CiH,NSjOo. Both the glyco- and tauro-cholates 
of Boda are precipitated by the Bubacctate of lead ; the 
glyco-cholato Ib also precipitated by the neutral acetate. 

Taurin. — Is found in the decomposed bile of the intcs- 
tineB, and in the muscles of the mollusca. It has been ar- 
tificially formed by heating isKthionate of ammonia to 410°- 
428", NH,0,O.H,0,2SO, = C,H,NSjOb+2HO (Streckcr). 
It is in colourless, hexagonal prisms, with no odour, but 
little taste; is permanent in the air, and burns with the 
evolution of sulphurous acid. 

Cholie Acid. — Has been obtained crystallised ; itis to 
it that the characteristic reaction of bile with Pettenkoffer'.? 
test is due. 

Gholidic Acid, C,Jl„0„ and Dyslisin, C^HmO,, arc two 
resinous bodies obtained from glykocholic acid by boiling 
with strong hydrochloric acid. The so-cailed resin of bile, 
in BUin, is an impure mixture of the glyco- and tauro- 
tholate of soda. 
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Biliverdine. — lathe colouring matter of bile; il con- 
tains nitrogen and iron, but no satisfactory analj^is hts 
been made. It exiets in very small quantity. : 

CkolesteHne, ChHqO. — A fat-like body, but not sapo^ 
ifiable ; exists in very small quantity in bile, but is aboii- 
dant in gall stones. It is also found in the fluid of hydio- 
cele, and in encysted tumours, the spleen, and largely in 
the brain and nervous tissne. It is not found in the fsces. 
It is in thin, colourless, transparent, rhomboidal plates, in- 
soluble in water, but freely ao in alcohol and ether. 

Tests for Bile. — Nitric acid produces with Biliverdine 
a grass-green colour. This does not necessarily indicate 
the presence of bile proper. Petlenhoffer's lest: This de- 
pends upon the reaction of sulphuric acid and grape sugar 
upon ebolic acid. A drop of a solution of one part 
sugar (cane sugar will answerj in 4 parts of water 
added to the bile in watery solution ; to this Ave drops 
sulphuric acid are added, and the whole gently wari 
(not above 120°). A red colour changing to purpli 
produced, which is destroyed by adding excess of water. 

471. Urine. 

Prop. — A clear liquid, of an amber colour and faint aro- 
matic odour. Its mean s. g. is 1024, bat varies wi(h the 
ingesta from lOlT to 1030, the difference being due to the 
quantity of fluid, that of the solid constituents remaining 
nearly constant. Hence the specific gravity is inversely 
as the quantity which averages fSxxivyerdieni. If either 
the quantity or a. g. vary directly, it is an evidence of dis- 
ease. It may lie nearly colourless, as in hysteria, whece 
the s. g. sometimes falls to 1006 with large increase of 
quantity, or may be of a deep red colour, and so scanty as 
to deposit its salts. In health, it has nearly always an 
acid reaction due to the acid phosphate of soda, NaO,2HO, 
POj, contained in it. It is most acid early in the morning, 
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and has then a bigb b. g. ; in the forenoon is pale, more 
abundant, of lowers, g., neutral, and even alkaline (Dal Ion). 
After this the colour, acidity, and density increase to a 
maximum towards night. These changes are liable to. 
variations doe to ingesta, temperature, etc. The alkalies, 
their carbonates, acetates, tartrates, and citrates, give to it 
an alkaline reaction. Altbeugli transparent when first 
passed, it may become turbid on cooling, from the deposi- 
tion of mucus and salts ; it readily putrefies, exhaling a, 
peculiar offensive ammoniacal odour. This change is said 
to be due to the presence of a peculiar albuminoid ferment. 
NefrozyomaKB (Btchamp). It may be prevented by filter- 
ing, or by the use of a drop of crude phenic acid to the pint 
of urine. The alkalinity of urine in cases of retention or 
of chronic vesical disease is due to this cause, and must be 
distinguished from that produced by ingesta, which give to 
the eecreted urine an alkaline reaction. 

The following analysis gives the average composition 
of human urine : 

Water 93800 

Urea, C.H^N.O^ 3000 

Kreatine, 125 



Ereatinine 

Urate of Potassa. 2KO,C,oH,N,0., ^ 
" " Soda, [■ ■ 

" " Ammonia, ) 

Colouring Matter and Mucus, 

Acid Phosphate of Soda, NaO,2HO,POs, 

Rhombic " " " 2yaO,HO,POs, 
" Phosphate of Potassa. 2KO,nO,POs, 
" " " Magnesia, BMgO.POj, 

" " " Lime, 3CaO,POs, 



1-50 



885-30.^^1 



£-90 

1000-00. 

4X3. Ib^CAXA— Cwstitstesneulroae-luafortJie 
Mfid (OKtitwaCB of the Bnne. About 400 grams ue dia- 
dargcddai^; the anwiaat varies witk the sice, hsbits, etc 
ti Uk indrridoMl, bat is gresiei mRa the use of uumml 
food. It DULT be obtained by n»ceiMntiDg the Qnid to a 
STnpjr coQ^ifteace and adding nitric acid. The reanlting 
■ibxte wUd depoeiis in ctrsUls b decomposed by car- 
boBKte of )r*d, the wc« dissolved oat by alcohol, and 
ay?tal&ed. 

Prop, — Is in culoariess, nentnl prisms resembling 
nitre in appearance : qaite pennaaent and soluble in their 
own weight of cold wat^ and in 4-5 parts cold and S of 
boilii^ alcohol ; are insolable in ether. Althoogh nentral 
is composition, it fonus salts with the acids.. Heated with 
alkalie^ it evolves ammonia. la contact with a ferment, it 
breaks op into carbonate of ammonia, CiH,XiO,+3HO= 
2(XH.0.CO,> ; the same effect is produced by long boil- 
ing. It ha£ been artificialiy formed, being identical (or 
isomeric) with cyanate oF ammonia, XH,0,CyO, It is 
always present in the blood, bnt in small quantity, being 
constantly eliminated by the skin and kidneys. If retained 
in the blood, as in albuminoria, it causes coma and other 
symptoms — Urxmia. It has been proposed to adminlalgc ^ 
area as a diuretic, 

Kreolin and Krealine have been described (469). 

Urates. 

Of these the urate of soda, 2NaO,C„H^',Oj, is bj &r 
the most abundant ; the average amount discharged daily 
being 25 grains. It forms the great part of the ( 
stones seen in the joints of gouty people. It is sparinglyl 
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soluble in cold water, more bo in boiling water, which 
deposits it again upon cooling, It dissolves readily in 
alkaline solutions ; acids set free uric acid. The urates of 
potasea and ammonia resemble the former. The acid urate 
'of ammonia, NH,0,HO,{C,cHjN.O.), forms the bulk of 
the red deposits of the urine and of cerlain calculi. 

■419. Uric Aeid, 2HO,C,on,N,0.. — Exists, if at all, in 
very small quantity in healthy urine. It may be abun- 
dantly obtained from the excrement of birds (guano) and 
serpents, by boiling with caustic potassa, and neutralising 
the resultant urate of potassa with HCl. 

Prop. — A soft, white, inodorous, insipid, crystalline 
powder, of a slightly acid reaction. Is soluble in 10,000 
parts of cold and 1800 of boiling water ; insoluble in alco- 
hol and ether. By tlie cautious addition ofuitric acid, 
and afterwards of ammonia, Murexide, CijH,N,Oj, is ob- 
tained ; it is of a beautiful purple, and when in mass, the 
crystals reflect light of a metallic-green colour, like the 
wing-cases of certain insects. It has been used as a dye, 
but is now generally replaced by the aniline purple. 

480. Sippnrle Acid, HO.CuHsNOj. — Exists largely in 
the urine of the Ilerbivora; alsoinhumaa urine, when Ben- 
zoic acid has been taken, or under vegetable diet. 

Prop. — It crystallises in long, slender, milk-white 
prisms, of a bitter taste and acid reaction ; soluble in 400 
parts cold water and in boiling alcohol. Forms Sippu- 
ratea. By boiling Ilydrochlorie acid is converted into 
benzoic acid and Glycocoll (468). When urine containing 
Hippuric acid is allowed to putrefy, Benzoic acid is formed. 
That of commerce is sometimes thus obtained. 

The colouring matter of urine has been variously termed, 
Urochrome, TJrosanthine, Urohiematine, TIrohodine, TJro- 
glaucine, TTropittin, UromeJanine, etc. But little is known 
of its tme character, nnd the statements of experlmenti 
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uriae strongly acid. The powdur, heated oa platiuum foil 
or mica, or before the blowpipe on charcoal, bums, leaving 
no a^b ; it is insoluble Id water, soluble in caustic potasea 
without evolution of ammonia, and, on the addition of 
nitric acid, is precipitated in white crystals. By the cau- 
tiods addition of nitric acid, and, when cold, of ammonia, 
tfie characteristic purple of mui-exide is developed. The 
nric acid calculi are the most common. 

UraCe of Ammonia. — When heated, behaves as uric 
acid ; when dissolved by caustic potassa, evolves ammo- 
nia, and then reacts as uric acid. It is soluble in boiling 
water, and precipitates again slowly on cooling. Calculi 
of this form are rare. 

Phosphate of Lime. — The calculi are white, smooth, 
polished, and readily separate into layers. They are in- 
fusible before the blowpipe, and dissolve in dilute nitric 
acid. On the addition of ammonia, a gelatinous precipi- 
tate, 3CaO,POs, is formed, which may be reilissolved in 
g'cetJc acid. To this add a drop of ferric chloride, a green- 
ish-white precipitate of ferric phosphate will be formed ; 
or add o.valate of ammonia, when a white precipitate of 
o.Ka.late of lime will fall. 

Phosphate ofMagnenia and Amvwnia, Triple Phosphate, 
MgO,NH,0,HO,rOs. — Calculi of this composition are 
rare, but often the salt is found alternating with others. 
The urine during its deposit is alkaline, and often offen- 
Bive ; an iridescent pellicle is seen on its surface. The cal- 
culi are usually colourless, and often rough and crystalline 
on the surface. Before the blowpipe it chars, exhales am- 
monia, swells, and ultimately fuses. Heated with caustic 
potassa, ammonia is evolved and magnesia precipitated; 
the latter may be rcdissolved by acid aTid tested with 
phosphate of soda and ammonia. 

Fuiibl'' Gnl'-uhi^, i," D mi.vture of Ihr lost-named with 
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phosphate of lime, 3CaO,FO^ It is, nest to uric acid, the 
most commoD. The urine is neotral or alkaline during ita 
formation. The calculi are white, soft, and friable, resem- 
bling chalk. It readibj fuses before the blowpipe, learing 
^a mixture of the tribasic phosphates of lime and magnesia. 
The latter may be detected by the methods mentioned 
above, and the presence of lime by the addition of oxalate 
of ammonia to the solution in acetic acid. 

Oxalate of Lime. Mulberry Calculus. — OsalBteK>f-lime 
deposits are frequent. They are seen under the micro- 
Bcope in octohedral crystals, and more rarely in the dumb- 
bell fanu. The calculi are usually rough and of a blood- 
stained appearance; sometimes they are small and smooth, 
forming the hemp-feed calculus. Before the blowpipe they 
bum away to carbonate, and ultimately to caustic lime, 
They arc soluble without effervescence in dilute nitric and 
hydrochloric acid^; the solution is precipitated white bjr 
aiumoaia. The residue, after exposure to the blowpipe 
flame, if not too hot, dissolves with effervescence in dilnt«_ 
hydrochloric arid, and is again precipitated by oxalate 



Ct/iCine (C,HtNO,S,) boiled with caustic potassa give* 
evidence of the presence of sulphur on testing with nitro- 
pm»«de of sodium. 

Xanthine, CnH,X,Ou dissolves in canstic potassa. and 
is reprecipitatcd by hydrochloric add. When diesolred 
ID nitric acid, it leaves a yellow residue on evaporation, 
which IB not reddened by ammonia. The 
nlcoli are very rare. 
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I. WEIGHTS AND MEASURES. 

Apothkcarieb' weight is used in compounding prescrip- 
tions. Its pound, tb = 1 2 troyounces, 3 ■" 96 drachms, 3 
— 5,796 grains. The acruple, Bj=20 grains. Only the 
grain and troyounce are used in the TJ. 8. P. ; the Utter 
contains 480 grains. 

Troy weight agrees in the pound, ouoee, and grain with 
apothecaries' weight, its pennyweight, dwt.= 24 grains. 

Avoirdiipois weight is the ordinary commercial weight. 
Its pound, lb ^ 16 oz. = IOOO grains. Its ounce contains 
43T'5 grains. The grains are equal in all these standards. 
In the British Pharmacopceift the aroirdupois pound and 
its subdivisions are used. 

One lb Troy=0-82285'I lb avoirdupois =13 oz., 72'5 grs. 

One tb Avoirdupois=l-21522Y ft troy-^l ft, 2 3, 280 grs. 

For Meanures of Gapacily, the wine gallon and its 
subdivisions are used in the U. S, ; it contains 231 cubic 
inches. The British Pharraacopceia employs the Impe- 
rial gallon of 271,274 cubic inches. The minim, i^, of the 
former weiglis 95 of a grain, of the latter '91. The former 
eontains 16 fluidounces to the pint, the latter 20. Only 
the minim, fluidi'aehm, fluitlounee, and pint are used in the 
U. S. V. 

(387) 






• =^(S = ^Tm= «t5 - 
- >.C4og= Otot = 7».0»0 - 

THE DECntiL SYSTEM, 

Adopted in France tad oa U>e Coaoamt, is used in tW 
eoantij in adgntife Rseuch. Tbe gundard of leagtlt is 
tbe metre ( j^ ^^^ of a qiudnut of tbe earth '^ mendiui), 
whid) U eqiul to 39-3£Sa tncbee, or, ron^klr, sboot 3} fen. 
Tbia, as wieO ■< tbe measares of c»paicitT and wei^t, ia 
imaoBed or divided dedmaJly. Tbe prefixes are t&ria (lO 
time*), Aecfo (100 times), tilo (1000 tinted), and aiyna 
(10,000 timeB); deci (t^>. ceiih" (yin), ■««« (ti'5.> The 
kil<Hiictre is equal to aboat tvo-tbirds of a mQe. 

Tbe cubic decimetre is tbe tmil of a capacitr, and is 
caOed a litre, and is equal tol-165 imperial pinis, or 31135 
e pinU f tbe latter are used in tbe United States). Tbe 
weight of I litre of nraler. at 3910°, is called a kHogramme, 
and that of a miitilitre of water a grstume=ld-434 grains. 
The kilogramme ia rather less than 2J lbs, avoirdupois. 
Tbe metrical pound of France is half a kilogramme. 
BuidoDDPe eqaal" in capacity 29-S3 cubic centimetre 
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Comparatioe Table of Decimal with Avoirdupois and ^H 
Apothecarien' ( U. S.) WeighU. ^H 


K».. 


a=^ 


Qnun-.. 


Avoirdupolt, 


n'tiKh(.(u.g.p.) ^^1 


Millisr.tiimi, - 
Deoigtumme ■= 

MyHngriumne - 


If 

100 
1.000 
10,000 


5" 


■1S4! 

lS-4340 

]i43-4023 
15434-0234 
lS4a40-!344 


-4S 

3 l!-!62 
2 3 12-ir3 
22 12- 


...... 1 

lS-4 ^B 

34-0 ^H 

3 I 43-0 ^H 

1 S 1 U- ^M 

20 B 4 20- ^H 


Comparison of Decimal Measures of Capadly w»(ft Wine ^H 
C (7. S. -P.) ««'* /mjje»-ia! itfeaaurea. ^H 


Wine Measure. ^H 


Eng. Cubio rich«. '*''°""M™ur°' ^'" ^| 


Millilitre = -061028 = 1G'2318 mioiiJis. 


Centilitre = -610280 = 2-7053 fluidrachma. 


Decilitre = 6-102800 = 3*3816 fluidounces. 


Litre = 61-028000= 2-1135 pints. 


Decalitre = 610-280000 = 2-6419 gallons. 


Hectolitre = 6102-800000 


Kilolitre = 61028-000000 


Imperial Measure. 


1 litre = 0-22017 galls., 0-88066 qte., 1-76133 pta. 
Stere {cubic metre) — 220-16643 galle. 


•AbbTttUud, Mo. 
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11. OF INGOMPATIBLES. 
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ScBSTANcea which, when mixed, combine or mutii) 
decoropoee, are said to be chemically incompatible. 

It by no means follows that the new bodies formed are 
inert, and often two euhgtances which are incompatible 
are mised with the object of extemporaneously forming a 
third, as KgCl and KI. At other times, poisonous com- 
pounds are formed by mixing thoee which are compara- 
tively inert, as Hg,CI and CaO,HO, or HgJ and KI. 

The following general rules will be of use to the begin- 
ner in prescribing. 

(1) Neutral salts containing the same base or the same 
acid do not decompose each other. Thus we may mingle 
the iodide and bromides of potassium, or these with 
chlorate of potassa ; or we may prescribe tartar ei 
with tartrate of potassa and soda. 

(3) Substances are incompatible with tbeir teats 
antidotes, as the very action of these depends apoa 
chemical change. Thus, baryta and lead compounds triA 
the soluble sulphates, tartar emetic with the vegefoble 
astringents. 

■ (3) The free acids generally unit« with the oxides and 
decompose the carbonates ; the same is tme of salts bar- 
ing an acid retiction, 

(i ) The alkalies and alkaline earths and theirc»r1>i0^tes 
generally precipitate the salts of the heavy metals (243), 

(5) The vegetable astringents precipitate most of the 
salts of the heavy metals, the alkaloids and alumina. 
Hence, vegetable and mineral astringents are chemically 
incompatible. 

(6) The iodides and bromides precipitate most of the 
sails of the heavy metals; the chlorides, the lead, 
ciirv. and silver salts onlv. 




lead, mer- ^^ 
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The following preparations should either be given alone, 
or, if combined, it should be with caution, ag they are 
readily decomposed ; Lugol's, Donovan's, and Fowler's 
Bolntions; lime-water, solution of potassa, hydrocyanic 
and nitro'^uriatic acids, tajrtar emetic, cyanide of potas- 
sium, acetate of zinc, nitrate of silver. 



Iir. ANTIDOTES OP THE MORE COMMON 
POISONS. 

Note. — In all cuBea, the poiaOD or its compound with the anti- 
dote should bo as speedily an poBglble removed from the stom- 
ach, and its coiiGtitutional and local effects combated by general 



Strong Adds. Alkaline carbonat«B, chalk, msgaesia, 
soap, etc. 

Oxalic and Tartaric Acid and their soluble salts. Chalk, 
whitewash. 

Alkalies, caustic and carbonated. Weak apids (vin- 
egar, lemon-juice), fixed oils. 

Baryta, Lime, and Lead Salts. The soluble sulphates 
(Epsom or Glauber's salt). 

Alum. Alkaline carbonates. 

Tin Salts. Magnesia, carbonate, of soda, n^ilk. 

Zinc and Iron Salts. The alkaline, ca^bpnates, the 
vegetable astringents. 

Copper and Mercury Salts. Creasote ; albumen, milk. 

Nitrate of Silver. Common salt^ 

Tartar Emetic. The vegetahlo astringents ; green^tea. 

Chloride, of Antimony. Miagneai^, carbonate of soda. 

Arsenioiis Acid. Ferric hydrate ; magnesia. 

limber's Solution. Ferric salts. 

Iodine, Boiled starch. 

Phosphorus. Magnesia (?). 
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ffydrocyanic Acid. Ammonia; chlorine by the mouth I 
and iobated (caationslj) ; ferric Ealte, followed bv alkatim | 
carbonates ; cold doucbe to the spine. 

Hf-par Sulpkurig. Salphate of zinc 

The Alkaloidg, PaUonoua Mushrooms, and the oryanii 
poisOTis generally. Tannic acid ; animal charcoaL 

Siingg if Insects. Ammonia, locally. 

BUes of Serpents, etc. Bibron's Antidote (367) J 
whiskey in large doses ; cauterisation of the wound ; ft 
cupping-^lass or suction of the wonnd ; a ligature between 
the wound and the trunk. 

Bitet of Babid Animals, dissecting wounds, ptatuht . 
maligna, ft'o known antidote. Use the general measures I 
indicated in the last paragraph. 

PrecantioiiB in Medico-L^:aI Examuiatioiis for PolstoiB. 

(1) The viscera to be esomined should immediately 
upon their removal be put into clean glass vessels — new, 
if possible — and sealed; the seal is to remain unbroken 
until the vessel is opened in the laboratory, 

(2) All the tests, vessels, and implements employed in 
the investigation must be absolutely pure and clean. The 
glass and porcelain ware should be new. 

(3) No one should have access to the laboratory in the 
absence of the investigator. 

(4) The preliminary operation of dialysis should always ' 
be employed ; previously soaking the viscera, cut fine, for 
48 hours in distilled water at 90°. The dialyaermaybe 8 
inches in diameter, and the liquid should not be more 
than one-half inch deep in it; the quantity of distilled 
water in the outer vessel should be four times that in the 
dialyser; the operation maybe continued for forty-eight 
hours. This gives ua the crystalline poison nei 
from organic matter. 
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(6) The saspected substance should be divided into 
CGveral eqaal portions, and never all employed in a single 
trial. 

(G) It is important to detect, if possible, the poison as 
it was administered ; thus AsOj, not merely the presence 
of As. 

(7) The tests should be so employed that, if more than 
one poison be present, all may be detected. 

(8) When the poison has been adminiBtered some time 
before death, it may not be found in the stomach, and the 
other viscera must be examined. Vomited matters, etc. 
shonld always be examined, if they can be procared. 



IV. REACTIONS FOR PRACTICE. 

When the student is unable to work oat the right-hand 
number of the following equations, he will find it by refer- 
ring to the paragraph indicated. 
To make O (181): 

K0,C10s (heated) -= 
To make H (186): 

Zn + HO,SO,= * 

Zn+HCl= 
TomakeNO(20i): 

HHANOs (heated) — 
To make NO, (203) : 

Cu,+4(HO,N0.)=t 
TomakeHO,NO((201): 

E:0,N0.+2(II0,S0a)= 

* The BxecK of Wktor preuat ii not rognrdad [IS<). 
t HO,NO[ ii too Mniiig for u>s in praatiBs j 4H0,IIO^ ia moi 
bat tba iiotn of water ii omitted fur the ixka of rimplicit;. 
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To make CO, (208) : 

Cal>,CO,+-HO,SO,= 

CaO,CO,+ HCl= 
To make HO,SO, C216): 

2(H0,S0,)+C= 

2(H0,S0,) + Cu= 

2(H0,S0,)+S= 
To make HO.SO, (approximate), (21fi) ; 

2aO,+NO.= 

2(FeO,SO,)= 
To make QS (21t): 

FeS+H0,SO,== 

SbS.+3HCl= (364) 
Hypophoaphite (221): 

3(CaO,HO)+P.= 
PhoBphoric Acid (220) : 

F,+ 5{HO,IirOs)= 
The: 3 varieties of POs with AgOiNOs. (220) : 

AfO,NOj+SaO,P03— 

2(AgO,NOs)+3NaO,POs= 

3(AgO,NOi)+2XaO,HO,PO^= 
To mate CI (223) : 

2HC1+Mn0,= 
To make HCI (228) : 

NaCI+HO,SO,= 
To make a Chlorate (226) : 

G(KO,HO)+Cl,s= 
To make a Hypochlorite (227): 

2(CaO,H:0)+C],= 
Hydriodic Acid (233) : 

H-HO+HS= 
HTdrofluoric Acid (234) : 

CaP+HO,SO,=. 
Hydrocyanic Acid (S36) : 
AgCy+HCI=» 



Caustic Potassa (248) : 

KO,CO,+ 0aO,HO= 

Iodide of Potftssium (351) ; 

G(KO,HO) + I.= 
Bromide of Potassium (262) ; 

FeBr+KO,CO.= 
Acetate of Potaasa (259): 

KO.CO, + HO,C,H,Oj= 
Carbonate of Soda (approximate) (S%5) : 

NaCl+HO,SO,— 

NaO,SO,+ C.+ CaO,CO,« 
Labarraque'a Solution (2B9): 

CaO,CIO+CaCl+2(N&0,CO,)= 
Rochelle Salt (260): 

K0,HO,CBH,O,„+NaO,OO,= 
Ammonia: 

NH.O,S0,+CaO,HO- 
Sesquicarbonate of Ammonia (STS) : 

3NH,Cl+3(CaO,CO,)= 
Precipitated Carbonate of Lime (288) : 

CaCl+NaO,CO,= 
Chloride of Calcinm (28^) : 

CaO,CO.+HC]= 
Hydrated Sesquioxide of Iron (314): 

Fe^„3SO,+3(NH,0,HO)» 
Ferric Chloride (316): 

Fe.+ 9HC1+H0>'0B=. 
Ferroua Sulphate (321) : 

Fe+HO,SO,= 
Ferric Sulphate (321): 

6(FeO,S 0,) + HO, NOs-(- S (H-0, S0.)= 
Ferric Nitrate (319): 

Fe,+4(H0,NO.)= 
Ferrous Carbonate (320) : 

FeO,SO,+ NaO,CO,= 
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Ferric Pyrophosphate (322) : 

3(2NaO,P05) + 3(Fe,0„3SO,) 
Sabnitrate of Bismuth (343) : 

Bi+4(HO,N05)- 

4(BiO„3NO,)+nHO— 
Oxides of Mercury (363) : 

Hg,Cl+KO,HO— 

HgCl+KO,HO- 
Chlorides of Mercury (366) : 

HgO,SO,+NaCl- 

Hg,0,SO,+NaCl- 
Sulphate of Mercury (3tl): 

Hg+2(H0,S0,)- 
Nitrate of Silver (3t5) : 

Ag,4-4(HO,NO.)- 
Nitro-benzole into Aniline (41T) : 



' ;i 



V. LIST OP MINEBALS WITH THEIR CHEM- 

lOAL COMPOSITION. 

SSLEOTBD TBOM DANA'S MINERALOQT. 

Note. — The name of a mineral is often applied to bodies of 
different bnt isomorphons composition. When this is the case, 
the replacing bases are written together in a parenthe8ie> or 
one above the other, and the formula is necessarily more or lest 
indefinite. 

Sassolin, BO5+3HO. 
Heavy Spar, BaO,SO, 
Celestine, SrO^SOs. 
Witherite. BaO,CO«. 



Strontianite, SrO,CO,, 

PericlaBe, MgO. 

Brucite, MgO.HO. 

Gypanm (alabaster), CaO.SOj+SHO. 

Anhydrite, CaO,SO, 

Calcitffl (calc-apar, satin-spar, dog-tooth spar), CaO,COj. 

Dolomite, CaO,CO,-|-MgO,(Pe03COj. 

Apatite, 3C3CaO,POs) + Cft(Cl,F). 

Sapphire, Cornndam, Emery, A1203. 
Diaspore, Al303,HO. 
GibbBite, AlA.aHO. 
Alimogen, AlAiSBOj+lSHO. 
TarquoiBC, 2(AIjO,),POs+5HO. 
Cryolite, 3NaF,2AljFa. 

Quartz (chalcedony, camelian, onyx, sardonyx, heliotrope, 

amethyst), SiOj. 
Opal, SiOa+xHO. 
Okemt«, 8CaO,4SiOj-f GHO. 
Datholite, 3CaO,4SiO,-j-3(CaO,BO,)-f3HO. 

Talc, 4MgO,SiOa. 
Mcerschanm, MgO,SiOj-f-HO. 

Serpentine, OMgO.iSiOs-j-SHO. 

Wollastonite, 3CaO,2Si03. 

Edelforaite, CaO,SiOa. 

Pyroxene, 3(CaO,MgO,FeO,MnO,ZnO)9SiO,. 

Hornblende, 4(CaO,MgO,FeO,MnO,ZQO,)38iOj. 

Kaolin, AlA.SiOa+SHO 

^P Zeolites. 

H Heulanditc, 3(;CaO,SiO,)+4(AlA.2SiOa)+18HO. 
H Stilbit«, CaO,SiO,-)-AlA.3SiOa+6HO, 

^M 32 » 
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Mesot7pe,(NaO,CaO,)SiO,+AltO„SiOs+2HO. 
Kjanite, dAltO„2SiO,. 
Andalasite, 3AltO„2SiO,. 
SUurotide, 2(Al20„FeA}SiO,. 



Feldspar Family. 

Orthoclase, KO,SiO,+AlA,SiO,. 
Albite, NaO,Si03+AlA,SiO,. 
Oligoclase, (CaO,NaO)SiO,+ AltOs,2SiO,. 
Labradorite, (CaO,NaO)Si03+AU03,Si08. 
Petalite, 3CLiO,NaO)4Si03+ 4(AI,03,4SiOa). 
Spodumene, 3(LiO,NaO)4Si03+4(Al,03,2Si03> 

Garnet, 3 ^ FeO I Si03+ [^1^1 ] SiO*. 

Epidote, 3CaO,Si03+ 2(Al803,Fe,0„Si03). 
Mica, K0,Si03+ 4( AlAiFe A)SiO,. 
Topaz, 2(Al,F,)+6(Al,03,Si03). 
Sodalite, 3NaO, Si03+ 3( Al A, Si03) + NaCl. 

(MgO ) 
Spinel, ^ZnO S- AI2O3, 

(FeO,MgO) 

Beryl, 3BeO,2Si03+AUO„2Si03. 
Chrysoberyl, BeOjAlaOj. 
Zircon, Zr^Os^SiOs. 



The Heavy MetaLs. 

Cassiterite, SnOj. 

Tin Pyrites, 2(Cu,Pe,Zn)S+SnSa. 
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Kutile, ) 
Anatase, [TiOj. 
Brookite, ) 

Molybdenite, MoS^ 

Sphene, 3CaO,2SiOJ+3TiO^ 
Wolfram, (FeO,MnO)WO,. 
Pitchblende, UO,rjOj. 
U ran ochre, ■UiOs- 

Uranite, | p^^j PO,+ltJ,03,PO,+ li6HO. 

Antimony Glance, SbSj. 
Arsenical Antimony, SbAs^ 
Realgar, AsS^. 
Orpiment, AsS^ 

Pyrites, FeS^ 
Marcasite, FeS^ 
Magnetic Pyrites, Pe,8, 
LeuCopyrrite, FeAs. 
Mispickel, FeAs.FeS^ 

Specular Iron Fe,0». 

Magnetite, FeO,Pe,Oi^ 

Franklinite, (FeO,MnO,ZnO)(Fe,03,Mn,0,). 

Chromic Iron, (FcO,MgO)Cr,0,. 

Brown Hematite, FeiO,,3EO. 

Lepidokrokite, FejOa.HO. 

Spathic Iron, reO,CO,. 
Vivianite, 3(FeO).PO,4-8HO. 
Scorodite, FeiO„ABOi+4HO. 

Manganblende, MnS. 
Hauerile, MnS^ 
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PjTolasite, MnO^ 
Hacism&nnit«, MnO.MDiOr 
Braimite, Mii,0,. 
Poltanite, MnO> 
Manganite, Mii,0,+HO. 
Wad, MjiO±Mn,O^MnO> 

Rhodonite, 3M;iiO,2SiO». 

Millerite, NiS. 
Syepoorite, CoS. 
Copper Nickel, Ni^s. 
Smaltine, Co As. 
Cobaltine, CoSj+CoAs. 

Emerald Nickel, NiO,CO,+6HO 

Blende, ZnS. 

tireeuockite, CdS. 

Red Zinc Ore, ZnO. 

Electric Calamine, SZnO.SiO.+ l^HO. 

Willemite, 3ZnO,SiO,. 

Smithsonite, ZnO,COt 

Galena, PbS. 

Clansthallite, PbSe. 

Plumbic Ochre, PbO. 

Cerusite, PbO,COi 

Angleaite, PbO,80^ 

Caledonite, (PbO,CuO)(SO,CO,). 

Pyromorphite, 3(3PbO,PO() + PbCI 

Crocoi8it«, PbO.CrO,. 

Copper Qlance, CuS. 

Covelline. CuS,. 

Erubescite, (CuFe)S + 3CiiS + Pe,S, 
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Copper Pyrites, CuS+Fe,Sa. 

Domeykite, CU|Ab. 
Algodonite, Cu,^s. 
Whitceyite, Cqi^As. 

Red Copper, CujO. 

Tenorite, CuO. 

Atacamite, CuCl+CuO,HO. 

Azurite, 2(CuO,COj)+CuO,HO. 
Malachite, CuO,C0,+HO. 

Cinnabar, HgS. 
Calomel, Hg.Cl. 

Silver Glance, AgS. 
Pyrargyrite, 3AgS,SbS^ 
Proustite, 3AgS,ABS,. 
Horn Silver, AgCl. 



VI. GLOSSAEY. 



the paragraph indicated.] 



a is given, it will be fonnd by referring to 



Acetone. C.HoOj (406). 

Acid. (U9.) 

Acrolein. CiH.Oj. 

Actinism. The chemieal effects of light. 

^OLOPiLE. An instrument for producing a blast by 

means of the vaponr of a liquid heat«d in a close vessel. ' 
.*;rugo. Yerdigris (330). 
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JSthiops. Blade ealphide of Mtemj. 

AnoMSTUL Hydrometer (16). 

ALXMBia A form of still, used also in snWmfitlon. 

Alkarsin. Oxide of kakodyl. C4H«AbO (426). 

ALLomopio. A modification of a body, in wliieh its phys- 
ical but not its chemical properties difEer, ms pho^bonis 
and red phosphorus. 

Allot. Amalgam (242). 

Amadou. Agaric, punk. 

Amids. Amidogen, NH,. Also OB«d M «n »c|jetttif^ 

AmnoN. Starch. 

Amorphous. Without crystalline form. 

Amphiqsn, Amphids. (184.) 

Analysis. (113.) 

Anhydrous. Free from water. 

Anodx. The + pole of a voltaic <Hn»iiL 

Apple Oil. Valerianate of amyl oxide (415). 

Aqua Fontana. Aqua, XJ. S. P. (191). 

Aqua Fortis. Grade nitric acid. 

Aqua PHAOXDiBNiCA. Tellow wash (365). 

Aqua Regia. Nitromariatic acid. 

AQUAViTiB. Brandy. 

Argentine Flowers qf jLsnciMONir. (ISbO^) 

Argillaceous. Containing clay. 

Argols. Cmde cream of tartar. 

Atom. The ultimate portion of an elementary body. 

Atomic Number. The specific gravity of a substance di- 
vided by its equivalent. 

Atomic Volume. The equivalent of a substance idivided 
by its specific gravity. v . 

Atomic Weight. Equivdent (148 

Atomiser. Ab instrument iar difoedng the opnvy of 
nquidB <l!96). 

AuRiPioMENTUM. Orpimeut, AsBt. 



■i t 



Lqbtbal. The soutbera polaxity of a magnet 
LzoTE. Nitrogea. 
Azotic Acid. Nitric acid. 



Saij>win'b Phosphorus. Fused CaO^Oj, 

Balsam of Siii.fhub. A solution or S in 0/. olivx, 

Bananna Essesce. (415.) 

Barilla. The ashes of sea-pIanU' and of Sahola Soda. 

Basacioen. Amphigen (184). 

Babe. A eubatance capable of combiDiug with acids to 
fonn salts, 

Basic. (1) A substance httTiDg the properties of a base. 
(2) A salt coutaiaing an excess of base. 

Basyl. a term applied to the eleotro-poeitive group com- 
prising hydrogea>. the nietaJa, and the quaai uietala. 

3ATTEILY. An appanctus for the aceumulatios of elec- 
tricity. 

Baume. The name of the inventor of a hydrometer ; it is 
applied to diatinguiah the degrees, which are arbitrary. 

Bestttchup's TiNCTtfRE. An ethereal solution of FejCl* 

BiBRON's AimsazB. (3fi7,) 

Binary. A compaund of two eJements,. as' HO. 

Bittern. The solution remaining after extracting SaCl 
ttom 3ea-wat«r. 

B&icK Aatt Impure NaO.COi. 

BiiACK Flux. Mad» by defi&giaimg cream of tartw with 
e-half its weight of nitre ; cont^ns carbom and KO, 



COr 

Black Lead. 

Black Salts. 

to dryness. 

Black Wash. 

K (868). 



Plumbago, a variety of carbon: 

The ley of wood-oahes evaporated nearly 



Contains suboxide of mercury, Hg,0, 
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Bleacoino PowiJKa. Calx chlorinaia (291). 
BtENsE. ^Native eulphide of zinc. 
Blue Mabs. Pilulse Eydrargyri (364). 
Blue Ointment. Unguentum Hydrargyri (3S4). 
Blue Vitriol, or Bluestone. Sulphate of copp«r. 
Bole. An ar^Uaceoas earth. 
Bone Abh (218), Bone black (206). 
Bobax. Biborate of soda. 
BoBEAL. The northern polarity of a magnet. 
Brass. An alloy of copper and zinc. 
Brimstone. Boll sulphar. 
British Barilla. Black ash. 
British Gum, Dextrin (S81). 
Bronze. An alloy of copper and tin. 
Brunswick Qbben. Oxychloride of copper. 
Bubnbtt'b Disinfectino Fluid. Contains ZnCl. 
Butter of Zinc, Antimony, and Bismuth. Their chlor- J 
ideB. 



Cadet's Liquid. Alkarsin. 

Calamine. Impure, native carbooate of zinc. 

Calcareous Spar. Caleite, CaO,CO^ 

Caloedont. SiO,. 

Calcination. Exposure of subBtances to a bi^h faekt In 
an open vessel, so that the oxygen of the air may com- 
bine with their oxidisable constituents. 

Calcined Mercurt. HgO. 

Calomel. HgjCl (36G). 

Camphene. Oil of turpentine. 

Canton's Phosphorus. CaS. 

Caput Mortuum. The residue after sublimatitH 

Caramel. Burned sugar. 

Carbolio Acid. Phenic acid. 




Amsmx. B8S 

CATAtrais. The action of a body in promoting combina- 
tion, or decomposition, by its presence, the body itself 
remaining unchanged. 

Cathode. The negative pole of a voltaic circuit. 

Chalk. Aa amorphous carbonate of lime, CaO.CO^ 

Chameleon Mineral. Manganate of potassa, &0,MnOj. 

Chemical Food. (330.) 

Chloboid. The negative pole, ortBat connected with the 
zinc plate of a battery. 

Choke Damp. Carbonic acid. 

Chrome Green. A mixture of chrome yellow and prua- 
siaa blue ; or se^quioxide of chromium. 

Cheome Vermilion. Dichromate of lead, 2PbO,CrO]. 

Chrome Yellow. Chromate of lead, PbO.CrOa. 

Cinnabar. Native HgS. 

Citrine Ointment. Ointment of the oitrate of mercury. 

Clay. Impure silicate of alumina. 

Clay Ironstone. Contains FeO.CO^ 

CoHOBATiON. Ketuming the distillate to the retort, and 
repeating the operation. 

COLCOTHAR. FCjOj. 

CoLLOiDB. Jelly-like bodies. See Dialysis (128). 

Colophony. Common resin, or rosin. 

Combining Weight. Equivalent. 

Condy's SoLi'Tiox. Contains permanganate of potnaaa. 

KO,Mn,0,. 
Common Salt. NaCl. 
Copperas. Green vitriol, FeO,SOa+1HO. 
Corrosive Sublimate. HgCl. 

Cream OF Tartar. Eitartrate of potassa, EO.HO.T. 
Crocus of Antimony, or Crocus Metailorum. OxyBul- 

phide of antimony 
Crocus Martis. Colcothar. 
CRTBTAL8 OP Venus. Cu0,C.H,0j4 HO. 
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CHYSTALLOiDB. See DiALYBia (128). 

Cubic Nitre. NaO.NOj. 
Ci'PELLATios. See Analysis (113)- 

~- 

Dbcantation, Decoction, and Displacemunt. (191.) >, 
Pechepitation. The crackling, of certain salts, wheB 

suddenly heated. 
Deflaoration. a rapid and scintillating conibuatioB. 

It takes place iu certain mixtures containing the Dltrates, 

or chlorates. 
Deliqijesgent. a term applied to those substances which 

attract moistui'e ftom the air, and liquefy, 
DEBTRtCTiVE DISTILLATION. Dry distillation 
Detonation. Rapid chcmieal action, accompanied bjr 

flame and noise. 
De Valanoin'b AttSBNiCAL SOLUTION. Contains AsO, ill 

dilute HCl. 
Dew-point. The temperature at which the moisture of 

the air begins to deposit. 
Dialysis. (128.) 

DiAMAOKETio. Repelled by both poles of a iiiagnot. 
Digestion and Dibpl.wement. (191.) 
Dimorphous. CryBtalhsing in two distinct systems. 
Distillation. The process for separating a liquid from 

a solid or less volatile liquid, by heating the mixed sub- 
stances, and collecting the condensed vapour. 
Donovan's Soll^tion. Contains the iodides of arsenia 

and mercury (367). 
Dey Distillation, The process by which solid, or on 

gaoic bodies, arc subjected to heat in a close vessel. 
Ductile. Capable of being drawn out into wire. 
Dutch Gold. A species of brass. 
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DSTCK LlQCID. ChHjOI. 

" White. Impure white lead. 



E. 

Eau De Javelle. a Bolution of chlorinated pota8sa. 

Ebullition. The bubbling of a boiling liquid. 

Educts. The proximate priBcipJcs of whifh bodies are 
supposed to be formed. 

Effektbscence. The bubbling due to the escape of gas 
from a liquid. 

Efflorescen'ce. 1. A property peculiar to certain salts, 
which, exposed to the air, crumble, owing to the loss of 
it portion of tbeir water of crystalHsatioa. 3. The crust 
formed by the drying of certain salts upon the surface 
of bodies, in whieh they are not visible. 

ELdlOPTANE. (448.) 

Elatle. CiH^. 

Electbode. The pole of a voltaic circuit. 

Elbcteolysis, Voltaic decomposition. 

Element, A simple, un decomposable substance. 

Elixir op Yiteiol. Aromatic sulphuric acid. 

Eluteiation. (191.) 

E.UEBALD Okeen. Schweinfurth greeii(356). 

Epbom Salt. MgO,SOa+7HO. 

Equitalest. The proportional numbers, according to 
which, or their multiples, bodies Combine. 

EuEMACArsiB. The slow decay of organic substances not 
containing nitrogen (380). 

Essektiai. Oils. Volatile oils. 

EuDiOMETEK. Au inetrument for ascertaining the amount 
of oxygen in a gaseous body, by introducing an excess 
of hydrogen, exploding the mixture, and noting the dimi- 
nution of volume. 



EvAPOKATioN. Conversion into vapour, without ebul- 
lition. 

i\ 

rBEMENTATION. (396.) 

Filter. A poroos subEtaace used to eeparate a solid and 
liquid by allowing the latter to pass through, while the 
former is retained. 

Fire Damp. Light carbonetted hydrogen ( Marsh gaa) 

Fixed Aia. CO. 

Flint. SiO,. 

Flowees of Antimosv. Oxide of antimony, SbO^ 

Flowers of Benzoin. Benzoic acid. 

Flowebb of Sulphcr. Sulphur svhiimatum, IT, S. P. 

Flowers or Zinc. Oxide of zinc, ZnO. 

Fluorescence. The property possessed by certain bodieB, 

as quinia salts, of rRndcring visible the dark chemical 

rays (156). 
Fluor Spar. Cal". 

Foliated Eakth op Tartab. K0,C,H,03. 
Fowler's Solution. Solution of the arsenite of potasw 

(356). 
French Chalk. Silicate of magnessia. 
Fructose. Pruit sugar (392). 
FuMiNQ Liquor of Libavios. SnCI^ 
Fusel Oil. Amylic alcohol. C|„H,,Oi. 
Fusible Calculus. (483.) 
Fusible Metal. (342.) 
Fusion. The passage of a solid into the liquid stato. 



Galena. PbS. 

Oab. An easily compressible elastic fluid. 

Glass. (304.)' 
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Qi^sa OP Antimony. Boasted and fused tersulphide of 

aatimony, SbSa. 
Glass of Borax. Fused borax, NaO,2BOj. 
Glauber's Salt. NaO,SOs+I0HO. 
.Oxok6in£. Nitro-glycerine (445). 
'Glucose. Grape sugar. 
.Gluooslde. (396.) 
GLrcoooLL. Sugar of gelatin. 
Gltcooene. Liver sugar. 
Gou)I:n SuLPntTB. (365). 
QoNiOMETEtt. An instramcnt for measuring the angles of 

crystals. 
Goulard's Extract and Cerate. Contain subafietate of 

GoAPHiNE. Carbon deposited in gas-retorts. 
Gbaphite. Plumbago. 

Gbjxn Vitriol. Copperas, PeO,SO,+lHO. 
Gypsum. CaO,SO,-f 2H0. 

H. 
Halogen and Haloid Salt. (224.) 
Harle's Solution. Contains arsenite of soda. 
Harts EORN. Ammonia. 
Hepar SuLpHuaia. Liver of sulphur (249). 
Hoffmann's Anodyne. Spirit ^tker. Co. (410), 
Houberg's Pyrophybds is made by heating potash alum 

and charcoal to ignition. 
Homolooods Bodies. (384.) 
Hydeacid. Hydrogen-acid. An acid consisting of a 

halogen united with hydrogen (234). 
llYDaATK. A combination of water. 
Hydriodate. a salt of hydriodic acid. Is an incorrect 

term; Iodide of the metal should be used. 

ITVDBOMETER. (17.) 



'too MEDICAL OHEMIBTRT. 

HyosoHeteii. An inetrumeDt for the determination of tha 
relative amotint of moisture in the air. 

1. 
OK ViNcOAH. Giadal acetic acid, HO.CiHjOj. 
M HIND BRA Bijc. Without weight ; sometimes employ^ 

doBtgiialo light, heat, electricity, and magaetism. 
scANMWPKNCK. The glow of B highlr-heated body. 
KPiNRHATioN. The roductioii of a sabstance to uheo. 
scoMPATtuut Incapable of being mixed without 

eal changv. 
SION. (191.) 
NoaiTE Sugar of Bosh, 
looio .Kther. tiidide of mhyl, CiH^I. 

iH. .V t>»dr gitln^ to th« poratire (KBode) or 

t.vathiHtf 1 iiiiti> of a g«lTaaie batt^rr during 
•ON rTiuTii& Nattre sulphide of iroo. 
sixQLASs. A varietr of gelMiii. 

OiMEiuo. Suhi»lanc«s bariiig tbe swne tnmpt 

liiStrtai pivperties. (SS*.! 
[SMM«r«ors. Sabeteaees h»v»c tte >•■■ 

fctm. (aU.) 
•nrnv B&ACK. AHinat rfcitnai aadB 1;^ dwi 
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Cti» JlsbK of »M-wiwiis: iis«4 as k g 

sad mrtiMMtv Iff svHa. 
buns' HxsntAi. i.S)i:&~ 
Kim's Yttxow. OvpwMM. ^^ 
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JJ4C StiLPHURia. Precipitated sulphur. 

Lactin. Sugar of milk 

Lake. A compound of alumina with an organic colouring 

matter. 
Lampblack. (206.) 

Lapib Infeenaus. Lunar caustic, AgO,NO». 
Ladohinq GA3. Nitrous oxide, NO. 
Leas Water. Diluted Goulard's extract (350). 
Ledoten's Disinfecting Liquid, Solution of nitrate of 

lead. 
Levioation. The reduction of a substance to an impal- 
pable powder, by rubbing on a moist slab with a flat 

pestle, called a, muller. 
Limestone. A carbonate of lime, CaO,COj. 
LiQUKp ACTION. The conversion of a solid or a vapour 

into liquid. 
Liihakoe. Semivitrified oxide of lead, PbO. 
LiTHic Acid. TJric acid, CwH.NiOj. 
LiTEK OF Sulphur. Fotass. sulphureC. (249), 
LixiviATiON. The separation of the soluble portions of 

a substaace by causing water to filter through it. (191.) 
Loadstone. The native magnetic oxide of iron, FejOj. 
Luool's Solution. Compound solution of iodine. 
LuNAB Caustic. Nitrate of silver. 
LuTB. An adhesive mixture for closing the joints of 

apparatus, to prevent the escape of vapours, etc, 

M. 
Maceration. The long-continued soaking of a substance 

in water at common temperatures 
Macquee'b Salt. KO,2HO,AsOe. 
Magistesy of Bismuth. Subnitrate. 
Magma. A molasses-like mass. 
Magnesia Alba, Mngtifsiie carbnnog. 



MEDICAL OHEMISTBY. 

MALI.KABLB. Capable of being wrought under the ham- \ 

Marslb. Crystallised carbonate of lime. 

Marine Acid. Muriatic acid. 

Maetial .^THJOPB. PjOi. 

Massicot. Protoxide of lead, PbO. 

Matoasb. a glass vessel, with a long neck, used for \ 

digestion. 
Mknbtkdtjm. a solvent 
Mercaptan. Alcohol in which the osygcn is replaced by 

sulphur, C*H,Sa. I 

Metalloid. A non-metallic body. 
Metameric Bodies. Those having the same empirical | 

with different rational formulae (384). 
MiCEOCOSsno Salt. NaO,NH«0,HO,PO^. 
Milk or Sulphx-'r, Precipitated sulphur. 
Milk of Lime. Whitewash. 
MiHEKAL Water. Water charged with carbonic acid; 

also, natural waters holding medicinal substances in 

solution (50). 
MiNsaAL Yellow. Oxychloride of lead 
MiHiTTM. Red oside of lead, PbjO,. 
Molecule. The ultimate portion of a compound body. 
Monsel's Salt. Subsulphate of iron. 
Mountain Blue. Azurite. 
Mountain Green. Malachite. 
MuLBERRS Calculus. Oxalate of lime (483). 
MvRiATE. The compound of muriatic acid with a baa^ | 

Properly, the chloride of the metal, except in case ot i 

the alkaloids. 
MuEiATBD Tincture of Iron. Tinct. Ferri Chlorid. 
MimiATic Acid. Hydrochloric HOI, 
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N. 

Naphtha. A natural, oily carbo hydrogen, Ci,H,j. 

Na§cknt. Being liberated from combination (143). 

Natron. Native carbonate of aoda. 

Neutral. 1. Possessing neither acid nor alkaline re- 
action. 2. Having no tendency to combine with acida 
or baees. 3. Applied to salts, where tha number of 
equivalents of the acid is equal to those of the oxygen 
in the hast. 

Neutral Mixture. Solution of citrat*' of potassa (361). 

Nitre. Saltpetre, KO.NOj. 

NiTHiLE. A base derived from ammonia by the replace- 
ment of three equivalents of H (425). 

O. 

Obsidian. Volcanic glass. 

OcHSE. A native mixture of clay end spstiuioside of iron. 

On. OF ViTBioL. HO,SO^ 

Okpiment. AsS,. 

Obhose. The diffusion of liquids through porous septa 
(133). 

OxTACiDS. Oxygen acids ; acids, the eieclro-negative con- 
stituent of which is oxygen. 

OxYCHLomnE. The combination of the chlovide and oxide 
of a motnl. 

OxTBALT. The union of an oxygen acid with a buse con- 
taining oxygen. 

OxYSDLPHinE. The combination of the oxide and sulphide 
of ft metal. 



Packfong. a variety of German silver. 
Particle. A minute portion of matter. 
Pearl Ash. Impure carbonate of potassa. 
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Pka&l Fowdeb. Subnitrato or oxychloride of bismutb. 

p£AB80N'B Salt. 3NrO,AbO,+24HO. 

PiCEio Aan>. Carbuotic wM (453). 

PiNOHBKCK. A apecies of brass. 

Plastxr or Paki». Calcined sulphate of lime. 

Platinum, Black and Sponok. Finely dif ided platinom. 

FLOHBAaiNK. Carbon deposited iu g&s retorts. 

Plvmbaqo. Natire carbon. 

Potash. Impure carbonate of potassa. 

PowDBS or Aloaboth. Oxyehloride of antimony, 2SbO„ 

SbCl:„+HO. 
pBEcrpiTATE. The insoluble compound formed on mixing 

certain incompatible bodies. 
Peecipitatum per 8E. HgO, made by direct oxidation. 
Pbebton SALia Carbonat« of ammonia with essential 

oils. 
Pkussic Acid, Hydrocyanic acid, llCy. 
Pkussian Blue. Ferrocyanide of iron, FetCfy*. 
PsEDDOMOBPH. A mineral body crystallised in the form 

that belongs to another mineral. 
PucEoxiDE OE Lead. PbO^ 

Fuboatite MiNEBAL Watxb. Ltq. Magma. cUraS. 
FuTTY PoWDEB. Stannic acid, SuO^ 
Pybitbs. Native sulphide of iron or copper. 
Pybo. a prefix to distinguish a body altered by beat from 

the one from which it is derived. 
Fybolioneous Acm. Impure acetic acid, obtained by the 

distillation of wood. . ,. 

Pybophobohs. a powder capable of igniting sponta- 
neously in the air. 
Pyboxilio Spibit. Wood alcohol, CjH,0, (405). .. 

PysoxTLiNE. Gun-cotton (386). 



QuATEBNARY. A compouQcl Containing four elements, ' 
Qdevenne's Ikon. Ferrum redactum. , i 

QoiCKLiMB. Caustic lime, CaO. 
QniDKSiLVEB. Mercury. 



Radical Vinegah. Glacial acetic acid, HO,C,H,Os. 
Reagest. An agent employed as a chemical test, or in 

chemical operations. 
Bealoab. Red sulphide of arsenic, Ar<Sj. 
Red Precipitate. Red oxide of mercury. HgO. 
Red Pbussiate op Potash. Perricj-anide of potassium. 

K^ofdr- 

Red Tabtar. Argols. 

Rbouldb of Antimony. MetaUic antimony. 

RocHELLB Salt. Tartrate of potassa and soda, KO, 

NaO,f. 
BocuB and Roman Alums are varieties of potash alum. 
Bock Crystai.. Quartz. 

Boman Vitriol. Sulphate of copper, CuO,SO,+6IIO. 
BouoE. Sesquioside of iron ; carthamine. 

Oxide of iron ; generally, hydrated eesquloxide. 



Saccharcm Satubni. Acetate of lead, PbO,0,H,Ot 
Sal Acetosella. Binosalate of potassa, KO,2CiOa. 
Sai, AKKAirs. Bicarbonate of potassa, K0,H0,2C0^ 
Sal Alembroth. Double chloride of mercury and am- 
monium, NH.CI.HgOl. 
Sal Ammoniac. Chloride of ammoninm, NH,C1. 
Sal Diureticus. Acetate of potassa, KO,C4HiOi. 
Sal Enix«m. Bisulphaie of potassa, K0,HO,2SO^ 
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Pearl Powdee. Subnitrate or osychloride of bismuth. 

Peabson's Salt. 3NaO,AaOi-i-24HO. 

Picaic Acid. Carhazotic acid (453J. 

Pinchbeck. A species of brass, 

Pi^sTEB or Paris. Calcined sulphate of lime. 

Platinum, Black and Sposge. Finely divided platlaum. 

Pluubaqine. Carbon deposited in gas retorts. 

Pi,UMBAao, Native carbon. 

Potash. Impure carbonate of potaasa. 

Powder of Algaroth, Osychloride of antimony, 2SbO(, 

SbCl3,+H0. 
Precipitate. The insoluble compound formed on mixing 

certain incompatible bodies. 
PREOIPITATL-M PER 8E. HgO, made by direct oxidation. i 
Peeston Salts. Carbonate of ammonia with essential 

oils. 
Peisssio Acid. Hydrocyanic acid, IlCy. 
Prussian Blue. Perroeyanide of iron, FejCfy^ 
PsEUDOMORPH. A mineral body crystallised in the for» ' 

that belongs to another mineral. 
I'ucEoxiDE OF Lead. PbO^. 

PuBOATivE Mineral IVater. Liq. Magneii. cifrat. 
Putty Powder. Stannic acid, SuOj. 
Pyrites. Native sulphide of iron or copper. 
Pyho. a prefix to distinguish a body altered by heat from | 

the one from which it is derived. | 

Pyeoligneous Aoid. Impure acetic ncid, obtained by the 

distillation of wood. 
Pyrophorocs. a powder capable of igniting spontsr 

neously in the air. 
Pyroxilio Spirit. Wood alcohol, C,H,0., (405). j 

Pyroxylise. Gan-cotton (3Sfi). 
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QuATERNAET. A compocnci containing four elements. 
QtTBVBNNE'B Iron. Feprum redactum. 
QncKLiME. Caustic lime, CaO. 
Qdickbilver. Mercury. 

R. 

Radical Vinegar. Glacial acetic acid, H0,CiH,03. 
Reagent. An agent employed as a chemical teat, or in 

chemical operations. 
Realgar. Red sulphide of arsenic, AsPj, 
Red Precipitate, Red oxide of mercun-, IlgO. 
Red Prtissiate of Potash. Ferricyanide of potassium. 

KjCfdy. 
Red Tartar. Argols. 
Reqclus of ANTiMosr. Metallic antimony. 
RoCHELLE Salt. Tartrate of potassa and soda, KO, 

NaO.T. 
Roche and Roman Alums are Tarietics of potash alum. 
Rock Crystal. Quartz, 

Roman Vitriol. Sulphate of copper, CuO,SO,+GHO. 
Rouge. Seaquioxide of iron ; carthamine. 
Rust. Oside of iron ; generally, hydrated sesquioside. 



Saccharom Satdrni. Acetate of lead, PbO.G^HjOt 
Sal Acetobella. Binoxalate of potasso, KO.SCjOj. 
Sal Aeratub. Bicarbonate of potassa, K0,H0,2C0> 
Sal Alembroth. Double chloride of mercury and am- 
monium, NH,Cl,HgCl. 
Sal Ammoniac. Chloride of ammonium, NHiCl. 
Sal Dioreticcb. Acetate of potassa, KO,C,HaOa. 
Sal Enixum. Bisulpbate of potassa, KO.HO.SSO^ 



3M HIDIOAI. OHIHI8TBT. 

THfEMA&s's Blck. a compound of alnminft and oiM»«f 

coUlb 
TiMCAL. Native borax, NftO.SBOj. 
TiNCTCXK. A solution in alcohoL Wben in ether, is called 

an EAert-al Tincture. 
ToHBAC and TirrxMAa. Species of brasa 
Tkituratiom. Kubbing in a mortar. 
Tbona. Native seBqaicarbonate of eoda, 2NaO,3COi. 
Tdbnboll's Bluc Ferricyai^de of iron, FejCfdj. 
Tubmkb's Czratx. Calamine cerat«. 
Tcbnkk'b Tbllow. Oxycbloride of lead, PbCl+lPbO. 
TcBPKTH MiNBEAL. Tellow solpliate of mercury, 3HgO, 

S0> 
TuTTT. Impure oxide of zinc. 



UiiBXB. A silicate of alamlna, with oxides of iron, i 
ganese, and water. 

V. 

Tallxt's Mass. Pil. Ferri carb. contwn FeO,CO«. 
TsBD Antiquk. Predoos aetpentinei 
TzBDidBiB. Impure subacetate of copper. 
ViEDiME, CuO,C0,+H0,C0» 
YxBunjON. Artificial HgEL. 



:„i:i'.l,l 
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Whttc ABSXMia Arsenions acid, AsO> 

Whits Lkas. Carbonate of lead. 

Whitb Pkioipitatb. Chloramide of mercury, HgCl.Hg 

nh;. 

Whitb Vitriol. Sulphate of zinc, ZnO,SO,+ 1HO. 
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Whitino. Prepared chalk, CaO,CO,. 

Wood Naphtha and Wood Spirit. Methyl alcohol, 

C2M4O2.' 
Wood Vinegar. Pyroligneous acid. Impure acetic acid. 

Y. 

Yellow Prussiatb of Potash. Ferrocyanide of potas- 
sium, K,Cfy. 

Yellow Wash. Made by adding corrosive sublimate to 
lime water ; hydrated protoxide of mercury is formed. 

Z. 

Zaffre. Impure oxide of cobalt. 

ZiNOOiD. The positive pole of a battery ; that connected 

with the copper or platinum plate. 
Zinc White. Oxide of zinc, ZnO, 
Zymosis. Decomposition by example (160, 396). 
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